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WE CALL IT A COMMITMENT TO EXCELLENCE 


Five years ago Advanced Micro Devices was conceived on the premise that there was 
a place in the semiconductor community for a manufacturer dedicated to excellence. 
Excellence in engineering. Excellence in manufacturing. 


In April, 1970, in the midst of the worst depression the industry has every ex- 
perienced, this concept became reality with the introduction by Advanced Micro 
Devices of 18 Linear and MSI devices — all processed and tested to the rigid specifi- 
cations of Military Standard 883. 


Today, Advanced Micro Devices is acknowledged as one of the country's major 
manufacturers of complex, monolithic integrated circuits doing business at an 
annualized rate approaching $40 million. Our perfect record of sales growth (out- 
lined in the per-quarter-performance chart) is unequaled in the semiconductor 
industry. 


As a broad-line supplier of both commercial and aerospace circuits, we serve the 
manufacturers of computers, computer peripherals and instrumentation equipment. 
Our device portfolio numbers over 200 different Linear, MSI, MOS, Bipolar Memory 
and Computer Interface circuits. 


Advanced Micro Devices has just started wafer fabrication in the first of two fab 
areas in our new 116,000-square-foot facility dedicated to the design and man- 
ufacture of the world's most technologically advanced MOS and Bipolar LS! 
circuits, 


This index is a multiple cross-reference guide to familiarize you with our ever- 
growing product line, and help you locate by function or device type the circuits 
you need, If you don't find what you need, call — it's probably on the design 
boards. If you need more technical material on any of the circuits, send the 
attached card. 


Advanced Micro Devices has grown from a concept to a major manufacturer 
in five years. This growth is attributed to our excellence in product development 
and manufacture. We process with excellence — we ship with pride. 


Thank you for your support, 


W. J. Sanders II] 
President and Chairman of the Board 
June 3, 1974 
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DESCRIPTION 


MEMORIES 


8-word by 1-bit 
16-word by 4-bit 
16-word by 4-bit 
256-bit static MOS 


256-bit bipolar 


256-bit bipolar 

256-bit bipolar 

64-word by 4-bit MOS FIFO 
32-word by 8-bit MOS FIFO 
32-word by 9-bit MOS FIFO 
1024-bit MOS STATIC 
1024-bit MOS STATIC 


REGISTERS 


4bit universal register 

4bit universal register 
“bit, left-right shift register 
4bit register 


4bit register 


4bit register 

6-bit register 

bit register 

8-bit addressable latch 

8-bit multiple port register 

8-bit successive approximation 

8-bit successive approximation 

12-bit successive approximation 

Dual 8-bit shift register 

Dual 100-bit MOS dynamic S/R 

Dual 100-bit MOS dynamic S/R 

Dual 128-bit MOS static S/R 

Dual! 128-bit MOS static S/R 

Dual 128-bit MOS static S/R 

Quad 128-bit MOS static S/R 

Dual 256-bit MOS static S/R 

Quad 256-bit MOS dynamic S/R 

512-bit MOS static S/R 

Dual 512-bit MOS dynamic S/R 

512-bit dynamic recirculating 
shift register 


512-bit dynamic recirculating 
shift register 

1024-bit MOS static S/R 

1024-bit MOS dynamic S/R 

1024-bit dynamic recirculating 
shift register 

1024-bit dynamic recirculating 
shift register 


BCD COUNTERS 


Decade up counter 
Decade up-down counter 
Decade up-down counter 
Decade up-down counter 
Decade up counter 
Decade up counter 


HEXADECIMAL COUNTER 


Hexadecimal up counter 
Hexadecimal up-down counter 
Hexadecimal up-down counter 


*Consult Factory 


PRODUCT SELECTION GUIDE 


FEATURES 


3-port RAM 

Open collector outputs 

Three-state outputs 

TTL compatible, 1—1.5 usec. 
access time 


Open collector, 70ns access time 


Three-state, 7O0ns access time 


Open collector, 35ns access time 


Three-state, 35ns access time 
First-in First-out stack 
Parallel or serial 1/O 

First-in First-out stack 


N-Channel, 650ns, 500ns, 400ns 
N-channel, 1psec, 650ns, 500ns 


Synch. parallel Joad 

Synch. parallel load 

Synch, parallel load 

True/comp, outputs, master 
reset 


True/comp. outputs, register 
enables 


2-input mpix on inputs 
Master reset 

Register enable 

8 parallel outputs 

3 address memory 

For A/D converters 

For A/D converters 

For A/D converters 

2 input Mplx. on each register 
2 MHz Max. shift rate 

2 MHz Max. shift rate 

TTL compatible clock 
TTL compatible clock 
TTL compatible clock 
2MHz Max. data rate 

2 MHz max, data rate 

5 — 10 MHz max, data rate 
2 MHz max. data rate 

5 — 10 MHz max. data rate 


2 — 4 MHz data rate 


2 — 4 MHz data rate 
1.5 — 2.5 MHz max, data rate 
5 — 10 MHz max. data rate 


2 — 4 MHz data rate 


2 — 4 MHz data rate 


Synch. parallel load 

Synch. parallel load 
Separate up-down clocks 
Single line up-down control 
Asynchronous clear 
Synchronous clear 


Sync. parallel load 
Sync. parallel! load 
Separate up-down clocks 


HIGH SPEED 


Am27S02 
Am27S03 
Am1101A1 


Am2841 


Am9102B 
Am2102-1 


Am54S/74S195 
Am54S/74S194 
AmS4S/74S175 


Am25S07 


Am25S09 


Am54S/74S174 
Am25S08 


Am2810 
Am2814 
Am2855 
Am2856 
Am2802 
Am2857 
Am2803 


Am2805 
Am2807 
Am2833 
Am2804 


Am2806 


Am2808 


Am93S10 


Am93S16 
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3-31 


STANDARD 


Am9338 
Am3101 


Am1101A 


Am2701 
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PAGE 


2-155 
6-11 


5-1 


6-1 
6-1 


5-51 
5-41 
5-41 
5-61 
5-17 


2-33 

2-211 
2-211 
2-205 


2-205 


2-149 
2-155 
2-1 
2-1 
2-1 
2-141 
5-7 
5-7 
5-33 
5-37 
5-47 
5-57 
5-57 
5-27 
5-57 
5-27 


5-21 


5-21 
5-13 
5-27 


5-21 


5-21 


2-77 
2-55 
2-185 
2-27 
2-199 
2-199 


2-77 
2-55 
2-185 


LOW POWER 


Am93L38 
Am31L01 


Am27LS01 
Am27LS00 


Am93L00 


Am93L38 
Am25L02 
Am25L03 
Am25L04 
Am93L28 


Am93L10 
Am93L60 


Am93L16 


Am93L66 


Pé 


6- 


Pa 


NNNNN 


PRODUCT SELECTION GUIDE 


SCRIPTION FEATURES HIGH SPEED PAGE STANDARD PAGE LOW POWER’ PAGE 
XADECIMAL COUNTER (Cont'd) 
<adecimal up-down counter _— Single line up-down control Am8284 2-27 
cadecimal up counter Asynchronous clear Am54/74161 2-199 
cadecimal up counter Synchronous clear Am54/74163 2-199 
TCHES 
it latch Use as S, R or as D latch Am9314 2-101 Am93L14 2-107 
al 4-bit latch - Independent enables and Am9308 2-61 Am93L08 2-67 
master reset 
it addressable 8 parallel outputs Am9334 2-149 
VERS 
al line driver 1309. back matching resistor Am9621 4-83 
al line driver i Single +5V supply Am9614 4-45 
complementary outputs 
ad fine driver High drive TTL output Am2614 4-45 
ad line driver RS-232C spec. Am1488 4-7 
ple line driver RS-232C spec. +6V swing Am9616 4-71 
1o-phase MOS clock driver SMHz Am0026/26C 4-1 
ad bus transceiver 100mA sink current Am26S12 4-39 
ad bus transceiver 100mA sink current Am26S812A 4-39 
ial differential driver 6mA output Am55/75109 4-99 
ial differential driver 12mA output Am55/75110 4-99 
tal differential driver Single 5V supply Am78/8830 4-61 
tad single ended/dual With output clamp diode Am78/8831 4-65 
differential driver 
iad single ended /dual No output clamp diode Am78/8832 4-65 
differentia! driver 
:CEIVERS 
ial line receiver +500mV threshold Am9620 4-79 
+15V common mode 
lal line receiver Single +5V supply, includes Am9615 4-51 
1302 resistor 
ial line receiver 1.5V input threshold Am2615 4-51 
tad line receiver RS-232C spec. Am1489 4-11 
iad line receiver RS-232C spec. Am1489A 411 
1ad bus transceiver Guaranteed threshold Am26S12 4-39 
sad bus transceiver Guaranteed threshold Am26S12A 4-39 
1al differential line receiver +15V common mode Am78/8820 4-57 
Single 5V supply 
sal differential line receiver +15V common mode Am78/8820A 457 
Single 5V supply 
iple line receiver RS-232C spec. Am9617 4-75 
jal line receiver +25mV sensitivity; active Am55/75107B 4-93 
pull-up 
dal line receiver +25mV sensitivity; open Am55/75108B 4-93 
collector 
dal line receiver +10mV sensitivity; active Am75207 493 
pull-up 
ual line receiver +10mV sensitivity; open Am75208 4-93 
collector 
NE SHOTS 
etriggerable monostable Pulse width 65ns to Am9601 4-15 
etriggerable monostable Pulse width 70ns to © Am9600 4-15 
with reset 
etriggerable monostable Pulse width variation Am2600 4-15 
with reset 1% over 0°C to 70°C 
ual retriggerable monostable Positive and negative triggering Am9602 4-21 Am96L02 4-27 
with ceset : 
ual retriggerable monostable Guaranteed stability output Am26S02 4-33 Am2602 4-21 Am26L02 4-27 


with reset 


latch for improved noise 
immunity 


PRODUCT SELECTION GUIDE 


DESCRIPTION FEATURES. HiGH SPEED PAGE STANDARD PAGE LOW POWER —~PAI 
ONE SHOTS (Cont'd) 
Dual retriggerable monostable Pulse width 50ns to Am54/74123 4-87 
with reset : 
Dual retriggerable monostable Guaranteed stability output Am26123 4-87 
with reset latch for improved noise 
immunity 
Dual monostable with reset Schmitt-trigger on positive Am54/74221 4-105 
trigger input 
OPERATORS 
5-bit comparator <,>,= Am9324 2-133 Am93L24 2-1 
Dual full adder Prop, delay to carry 8ns Am9304 2-49 
4bit ALU CG and CP inputs Am9340 2-163 Am93L40 2-1 
4bit ALU 16 functions Am54S/74S181 3-73 Am9341/Am54/74181 2-171 Am93L41 2-1 
Look-ahead carry generator Provides carries for Am9341/ \ Am9342/Am54/74182 2-179 
Am74181 
4bit ALU with latch Am54/74181 with latch Am2506 2-19 Am25L06 2-2 
2's complement multiplier 4bit x 2-bit high-speed Am25S05 3-1 Am2505 2-9 Am25L05 2-1 
multiplication block 
4bit shifter Shifts data 0, 1,2, or 3 places Am25S10 3-19 
MULTIPLEXERS 
Dual 4-input multiplexer Common select lines Am9309 2-69 Am93L09 2-75 
8-input multiplexer True and complement outputs : Am9312 2-93 Am93L12 2-96 
Dual 4-input multiplexer Common select lines separate Am54S/74S153 3-55 Am54/74153 2-193 
strobe lines 
8-input multiplexer True and complement outputs Am54S/74S151 3-49 
8-input multiplexer Three-state outputs Am54S/74S251 3-49 
Dual 4input multiplexer Three-state outputs Am54S/748253 3-55 . 
Quad 2-input multiplexer Non-inverting output Am54S/74S157/Am93S22 3-61 Am54/74157/Am9322 2-125 Am93L22 2-1% 
Quad 2-input multiplexer inverting output - Am54S/74S158 3-61 
Quad 2-input multiplexer Non-inverting three-state output Am54S/74S257 3-87 
Quad 2-input multiplexer Inverting three-state output Am54S/74S258 3-87 
4bit shifter Multiplexes data O, 1, 2, 3 Am25S10 3-19 
- places or more, three-state 
outputs 
DECODERS/DEMULTIPLEXERS 
One-of-10 decoder Illegal codes not decoded Am9301 2-41 Am93L01 2-47 
One-of-16 decoder Two active LOW enables Am9311/Am54/74154 2-85 Am93L11 2-91 
Dual one-of-4 decoder Separate select and enable Am93S821/Am54S/74S139 3-43 Am9321 2-117 Am93L21 2-12 
lines ; 
ENCODERS 
8-input priority encoder Encode 8 inputs ona Am9318 2-109 Am93L18 2-11! 


9-input parity checker/ 
generator 

12-input parity checker/ 
generator 


Priority basis 

EVEN and ODD outputs; 
Inhibit input 

EVEN and ODD outputs 


Am82S62 


Am93S48 


3-25 


3-37 


PRODUCT SELECTION GUIDE 


LINEAR INTEGRATED CIRCUITS 


TYPE DESCRIPTION FEATURES PRODUCT PAGE 
UNCOMPENSATED General-purpose 500nA !g, 5mV Vos Am101 7-1 
OP AMPS General-purpose 500nA tg, SmV Vos Am748 7-85 
Improved general-purpose 75nA Ig, 2mV Vos Am101A 7-5 
Low input current general-purpose 25nA, Ig, 7.5mV Vos Am1660 7-95 
; Precision 100nA Ip, 1.0mV Vos Am725 7-61 
Low offset voltage precision 70nA Ip, 0.1mV Vos Am725A 7-61 
High performance precision 70nA Ip, .1mV Vos $SS$725 7-99 
Low input current precision 2nA |g, 2mV Vos Am108 7-23 
Low input current and voltage precision 2nA Ip, 0.5mvV Vos Am108A 7-23 
High speed 15 V/ys slew rate Am715 7-53 
INTERNALLY General-purpose 500nA tp, SmV Vos Am741 7-73 
COMPENSATED High performance 50nA tp, 2mV Vos $SS741 7-99 ~ 
OP AMPS Dual general-purpose 500nA Ig, SmV Vos Am747 7-79 
High performance - Dual 50nA |p, 2mV Vos $SS747 7-99 
Improved general-purpose 75nA Ip, 2mV Vos Am107 7-19 
Low input current precision 2nA tg, 2mV Vos Am112 7-31 
Very low input current precision 150pA Ig, 10mV Vos Am216 7-35 
Very low input current precision 50pA Ip, 3mV Vos Am216A 7-35 
High speed 50 V/us slew rate Am118 7-39 
VIDEO Differential input and output 40 —120MHz bandwidth Am733 7-67 
AMPS 10 —400 voltage gain 
VOLTAGE General-purpose 100nA Ip, 3mV Vos Am111 7-91 
COMPARATORS 250 ns response time 
Dual general-purpose 100nA Ig, 3mV Vos Am1500 7-91 
250 ns response time 
TTL output 20uA Ip, 2mV Vos Am106 7-15 
40 ns response time 
Very fast ECL output 10uA Ip, 2mV Vos Am685 7-45 
6.5ns response time 
complementary ECL outputs 
VOLTAGE General-purpose 2—37V output voitage Am723 7-57 
REGULATORS -15% load reg. @ 50mA 
Genera!-purpose 4.5—40V output voltage Am105 7-11 
.05% load reg. @ 12mMA 
VOLTAGE Improved fow input current, high-speed 3nA Ip, 4mV Vos Am110 7-27 
FOLLOWERS 20 V/ps slew rate 


PRODUCT ASSURANCE 
MIL-M-38510 * MIL-Q-9858A « MIL-STD-883 


Complex Digital and Linear Circuits 


“he product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, and confirms 
he product quality at critical points. Standardization under this program assures that all products meet military and government agency 
pecifications for reliable ground applications. Further screening for users desiring flight hardware and other higher reliability classes is 
implified because starting product meets all initial requirements for high-reliability parts. 


‘he quality standards and screening methods of this program are equally valuable for commercial parts where equipment must perform 
eliably with minimum field service. 


‘hree military documents provide the foundation for this program. They are: 


MIL-M-38510—General Specification for Microcircuits 
MIL-O-9858A—Quality Program Requirements 
MIL-STD-883—Test Methods and Procedures for Microelectronics 


MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated circuits. All 
linear, MSI, and computer interface circuits manufactured by Advanced Micro Devices for full temperature range (—55°C to +125°C) 
operation meet these quality requirements of MIL-M-38510. There are no exceptions. 


MIL-Q-9858A identifies 28 elements of management, planning and control that are necessary in maintaining a quality program. Advanced 
Micro Devices complies with all requirements of MIL-O-9858A. 


MIL-STD-883 contains detail! testing and inspection methods for integrated circuits. Three of the methods are quality and processing 
standards directly related to product assurance: 


Test Method 2010.1 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly 
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Inspection at Advanced 
Micro Devices includes all the requirements of Method 2010.1, condition B. Further criteria have been added to cover omissions 
in the military specifications. 


Test Method 5004.1 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and screening 
stresses. The classes are: 


Class C — Used where replacement can be readily accomplished. Screening steps are given in the AMD processing flow chart. 


Class B — Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class C 
to Class B by 168-hour burn-in at 125°C. All other process requirements are the same. 


Class A — Used where replacement is extremely difficult and reliability is imperative. Class A screening selects extra 
reliability parts by expanded visual and X-ray inspection, further burn-in, and added mechanical and thermal shock stresses. 


Ail hermetically sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to 
Class C. There are no exceptions. Electrical burn-in upgrades any product to a full Class B screened part on a short delivery cycle. 


All molded integrated circuits receive applicable Class C screening (centrifuge and hermeticity steps are omitted for solid-package 
parts). 


Test Method 5005.1 defines qualification and quality conformance procedures.Subgroups, tests and quality levels for each class are given 
for Group A (electrical), Group B (mechanical quality measurements related ta the user’s assembly environment), and Group C 
(long-term reliability and product design stress tests). Group A tests are always performed; Group B and C may be specified by the user. 
Tables |, fl, and Il give standard test groupings and quality levels for Class B screened devices. These quality levels are used as 
a minimum for all tests. 


1-13 


MANUFACTURING, SCREENING AND INSPECTION 
FOR 
INTEGRATED CIRCUITS 


All integrated circuits are screened to MIL-STD-883, Method 5004.1, Class C; quality inspection is performed to Class 
B levels. 


All full-temperature-range (—55°C to +125°C) linear, MS! and computer-interface circuits are manufactured to the 
workmanship requirements of MIL-M-38510. 


The flow chart identifies processing steps as they relate to MIL-STD-883 and MIL-M-38510. 


HERMETIC PACKAGE MOLDED PACKAGE 
PROCESS PROCESS 


INSPECTION 


Purchased or fabricated starting materials are inspected for conformance 
to specified requirements. Inspection follows written procedures, and 
records are analyzed for supplier quality negotiations. 


WAFER FABRICATION 


Repeated masking, etching and diffusion processes produce finished dice 
in wafer form. 


IN-PROCESS INSPECTION 


Each wafer is inspected prior to irreversible process steps. 


FINISHED WAFER INSPECTION 


Sample wafers from each finished diffusion lot are inspected to confirm 
lot quality before release for test and assembly. 


WAFER ELECTRICAL TEST 


Electrical probe test of every die. A computer-controlled system measures 
static and dynamic parameters and identifies dice that do not meet 
electrical requirements. 


SCRIBE AND BREAK 


Wafers are separated into individual dice and electrical rejects are removed. 


VISUAL INSPECTION 


Separated dice are inspected and selected at high magnification. 


QUALITY INSPECTION 


Decisions at the 100% inspection are reviewed through periodic random 
sampling, confirming product quality and revealing any need for operator 
retraining. 


DIE ATTACH 


10 


11 


12 


13 


14 


15a 


15b 


16 


17 


18 


19 


20 


QUALITY INSPECTION 


Strength of die attachment, position of die and visual quality of eutectic 
wetting are confirmed periodically by inspecting random samples and 
push-testing the attached dice. 


WIRE BOND 


Hermetic: Aluminum wires, ultrasonic bonding. 
Molded: Gold wires, thermocompression bonding. 


QUALITY INSPECTION 


Weld strength, bond size and position, wire dress and general workmanship 
are confirmed periodically by comparing random samples with assembly 
instructions and quality standards. Bond strength is plotted on statistical 
control charts, providing early warning of process drifts. 


INTERNAL VISUAL INSPECTION 


Assembled but unsealed units are individually inspected at low and high 
power, 


QUALITY STANDARDS: 


All devices—MIL-STD-883, Method 2010.1 B. 
Full temperature devices identified above—MIL-M-38510, 
Para. 3.7 for bonding workmanship. 


QUALITY INSPECTION 


Decisions at the 100% inspection are reviewed through periodic random 
sampling, providing confirmation of product quality and revealing any 
need for operator retraining. 


FINAL SEAL 


(Hermetic devices) 


ENCAPSULATE 
(Molded Devices) 


STABILIZATION BAKE 
MIL-STD-883, Method 1008, Cond. C: 150°C, 24 hr 


TEMPERATURE CYCLE 
MIL-STD-883, Method 1010, Cond. C: —65°C, +150°C, 10 cycles 


CENTRIFUGE 
MIL-STD-883, Method 2001, Cond. E: 30,000 G 


HERMETICITY 


MIL-STD-883, Method 1014, Cond. A: Fine Leak 
MIL-STD-883, Method 1014, Cond. C2: Gross Leak 


ELECTRICAL TEST 


MIL-STD-883, Method 5004.1, Para. 3.1.1.2: Static, dynamic, functional 
tests at 25°C. 


QUALITY GROUP A ELECTRICAL TEST (TABLE 1!) 


Sampling and quality levels for Class B parts. 
MIL-STD-883, Method 5005.1. 


MARK, INSPECT, PACK FOR SHIPMENT 
MIL-STD-883, Method 5004.1, Para. 3.1.15 


QUALITY INSPECTION, PRE-SHIPMENT 


Visual confirmation of marking and physical quality. 
Electrical confirmation of product identity by sample test. 


QUALITY INSPECTION FOR SHIPMENT RELEASE 


Confirmation of product type, count, package. 
Confirmation of completion of all process requirements. 
Confirmation of required documentation. 


SHIP TO CUSTOMER 


OPTIONAL EXTENDED LOT TESTS FOR HERMETIC DEVICES 


BURN-IN 


MIL-STD-883, Method 1015: 168 hr, 125°C 
Condition B (linears); Condition C (digitals). 


FINAL ELECTRICAL TEST 


(Repeating step 20. Parameters as defined in test plan with customer.) 
QUALITY GROUP A ELECTRICAL TEST (Table !) 
(Repeating step 21) 
QUALITY CONFORMANCE TESTS (If required by purchase order) 
See Tables §! and It]. MIL-STD-883, Method 5005.1. 


DATA PREPARATION AND REVIEW 


MARK, INSPECT, PACK FOR SHIPMENT 


QUALITY INSPECTION 


Visual confirmation of marking and physical quality. 
Confirmation of product identity by inspection or sample test. 


QUALITY INSPECTION FOR SHIPMENT RELEASE 


SHIP TO CUSTOMER 


QUALIFICATION AND QUALITY CONFORMANCE INSPECTION 
Subgroups and LTPD levels as given in MIL-STD-883, Method 5005.1, for Class B parts 


Table |. Group A Electrical Tests 


Initial 
Sample Size* 


45 


Subgroups 


Subgroup 1 — Static tests at 25°C 


q 
~ ool aa 
Oo 


Subgroup 2 — Static tests at maximum rated operating temperature 32 


32 
45 


Subgroup 3 — Static tests at minimum rated operating temperature 
Subgroup 4 — Dynamic tests at 25°C 

Subgroup 5 ~ Dynamic tests at maximum rated operating temperature 32 
Subgroup 6 ~— Dynamic tests at minimum rated operating temperature 32 


Subgroup 7 — Functional tests at 25°C 45 


a 
“VoavyvN ams 


Subgroup 8 ~— Functional tests at maximum and minimum rated operating temperatures 22 


Subgroup 9 ~ Switching tests at 25°C 32 


Table It. Group B Tests 


Initial 
mat me nue ecut 
Subgroup 1 
Physical dimensions 2008 Test Condition A 


Subgroup 2 
a) Marking permanency 2008 Test Condition B: trichloroethylene and 4 devices 
alcoho!/Freon solvents ; no failures 


b) Visual and mechanical 2008 Test Condition B - 1 device 
no failures 


for aluminum wire, ultrasonic bonding 


Subgroup 3 

Solderability 20) Soldering Temp of 260°C +10°C. 95% 
coverage, void concentration not to exceed 
5% of area 


Subgroup 4 
a) Lead fatigue 2004 Test Condition B5: 3 oz. for ribbon leads; 
8 oz. for all others. 


c) Bond strength 2011 Test Condition D: 1 gram force minimum 
03 


b) Hermeticity j 
1. Fine leak Cond A Helium Tracer Gas 5 x 10", atm cc/sec 
2. Gross leak Cond C Fluorcarbon Detection 10° ~ atm cc/sec 


Subgroup 1 
a) Thermal shock 


b) Temperature cycling 
c) Moisture resistance 


d) Seal (fine and gross) 


Subgroup 2 
a) Mechanical shock 


b) Vibration variable frequency 


c) Constant acceleration (Centrifuge) 
d) Seal (fine and gross) 


Subgroup 3 
Salt atmosphere (corrosion) 


Subgroup 4 
High temperature storage 


Subgroup 5 
Operating life test 


Table i111. Group C tests 


Initial 


Sample Size* 


Test Method B: liquid to liquid, 
128°C to —55°C , 15 cycles 

Test Condition C: air to air, 
~—65°C to +150°C, 10 cycles 

Omit initial conditioning and vibration 


Helium and fluorocarbon tests 


Test Condition B: 5 shock pulses; 
6 directions; 1,500 G 
Test Condition A: 20 Hz-2 KHz; 20G, 
X, Y, Z orientation 
Test Condition E: 30 KG centrifugal acceleration 


Helium and fluorocarbon tests 


Test Condition A: 24 hr 


Test Condition C: 1,000 hr, 150°C 


Steady state power: 1000 hr, 125°C. 
Digital devices: Test Condition C 
Linear devices: Test Condition B 


* Groups A, B and C sampling plans are based on standard LTPD tables of MIL-M-38510. The smallest sample size, based on zero rejects 
allowed, has been chosen unless otherwise indicated. If necessary, the sample size will be increased once to the quantity correspond- 
ing to an acceptance number of 3 for Group A and 2 for Groups B and C. 


End point electrical parameters, where required, are room temperature Group A DC or functional tests as specified for the device 
under test. 
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Am2502/2503/2504. 


Eight-Bit/Twelve-Bit Successive Approximation Registers 


Distinctive Characteristics @ 100% reliability assurance testing in compliance 
@ Contains all the storage and control for successive with MIL-STD-883. 

approximation A-to-D converters. @ Can be used as serial-to-parallel converter or ring 
@ Provision for register extension or truncation. counters. 
@ Can be operated in START-STOP or continuous @ Electrically tested and optically inspected dice for 


conversion mode. 


FUNCTIONAL DESCRIPTION 

The Am2502, Am2503 and Am2504 are 8-bit and 12-bit TTL Suc- 
cessive Approximation Registers. The registers contain all the digital 
control and storage necessary for successive approximation analog-to- 
digital conversion. They can also be used in digital systems as the 
control and storage element in recursive digital routines. 


The registers consist of a set of master latches that act as the control 
elements in the device and change state when the input clock is LOW, 
and a set of slave latches that hold the register data and change on the 
input clock LOW-to-HIGH transition. Externally the device acts as a 
special purpose serial-to-parallel converter that accepts data at the D 
input of the register and sends the data to the appropriate slave latch 
to appear at the register output and the DO output on the Am2502 
and Am2504 when the clock goes from LOW-to-HIGH. There are no 
restrictions on the data input; it can change state at any time except 
during the set-up time just prior to the clock transition. At the same 
time that data enters the register bit the next less significant bit is set 
to a LOW ready for the next iteration. 

The register is reset by holding the S (Start) signal LOW during the 
clock LOW-to-HIGH transition. The register synchronously resets to 
the state Q7(11) LOW, (Note 2) and all the remaining register outputs 
HIGH. The CC (Conversion Complete) signal is also set HIGH at this 
time. The § signal should not be brought back HIGH until after the 


DO (2502, 2504) 


the assemblers of hybrid products. 


clock LOW-to-HIGH transition in order to guarantee correct resetting. 
After the clock has gone HIGH resetting the register, the § signal is 
removed. On the next clock LOW-to-HIGH transition the data on the 
D input is set into the Q7{71) register bit and the Qg(10) register bit is 
set to a LOW ready for the next clock cycle. On the next clock LOW- 
to-HIGH transition data enters the Qg(10) register bit and Q,(9) is set 
to a LOW. This operation is repeated for each register bit in turn until 
the register has been filled. When the data goes into Qo, the CC signal 
goes LOW, and the register is inhibited from further change until reset 
by a Start signal. 


In order to allow complementary conversion the complementary 
output of the most significant register bit is made available. An active 
LOW enable input, E, on the Am2503 and Am2504 allows devices to 
be connected together to form a longer register by connecting the 
clock, D, and § inputs together and connecting the CC output of one 
device to the E input of the next less significant device. When the Start 
signal resets the register, the E signal goes HIGH, forcing the Q7(11) bit 
HIGH and inhibiting the device from accepting data until the previous 
device is full and its CC goes LOW. If only one device is used the E 
input should be held at a LOW logic level (Ground). lf all the bits are 
not required, the register may be truncated and conversion time saved 
by using a register output going LOW rather than the CC signal to 
indicate the end of conversion. 


LOGIC DIAGRAM/SYMBOLS 


(10) Vsce NOTE) 
’ | Bits 5 (9) to 1 


NOTE: 
1. Cell logic is repeated for 
register stages. 
Qs to Q4 Am2502/3 
Qg to Q4 Am2504 
2. Numbers in parentheses are for Am2504 


Am2502/2503 
8-BIT SAR 


06 05 4 Q3 G2 0; A 


18 14 1312 11 6 5 4 3 


ORDERING INFORMATION 


GND = Pin8 


Am2504 
12 BITSAR 
Vec = Pin 24 
GND = Pin 12 
NC = Pins 10, 15, 22 


Q14 O19 Ag Ag O7 Og Og Gq 03 A729) AQ 


Vec = Pin 16 


2321201918 1716 9 87 6 5 4 


CONNECTION DIAGRAMS 
Top View 


Hermetic Flat Pak 


Package 
Type 


Molded DIP 
Hermetic DIP 
Hermetic DIP 


Dice 


Temperature 


Range 


0°C to +75°C 
O'Cto+75°C . AM2502DC. 
—55°C to +125°CG:" AM2502DM 
-55°Cto +125°C AN 
= . AM2502 XX 


_., »Note’ 


Am2502 
Order 


Number 


AM2502FM 


_ AM2502DC. 


Am2503 
Order 
‘Number 


AM2503PC 


*: AM2503DC 


AM2503DM 
AM2503FM 
AM2503XX 


NOTE: The dice supplied will contain units which meet both 0°C to 


+75°C and —55°C to +125°C temperature ranges. 


Am2504 
Order 
Number 


AM2504PC 
AN2504DC ee oe 
AM2504DM " 
AM2504FM 
AM2504XX 


NOTE: PIN 1 is marked for orientation. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5 V to+7 V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Veq max 
DC Input Voltage —0.5 V to +5.5 V 
Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am2502XC Am2503XC Am2504XC Ta =O Cto+75°C Veg = 5.0V +5% 
Am2502XM Am2503XM Am2504XM Ta =—-5S°Cto+125°C Veg= 5.0V +10% 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Ver = MIN., | =—0.48mA 
cc ""OH 
V, ; Output HIGH Voltage a 
Ver = MIN., lo, =9.6MA 
V, Output LOW Voltage CC” OL 


Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 


vi | tmourrowiee | Synmrumsinptiotst tow 
I Unit Load 
tL J = = 
(Note 2) Input LOW Current Vec = MAX., Vin = 0.4V 


Unit Load 
he ay Input HIGH Current Vec = MAX,, Vin = 2.4V 
ote 
Input HIGH Current Veco = MAX., Vin = 5.5V P=. fl 
Output Short Circuit Current Voc = MAX., Vout = 0.0V | 10 | 


Power Supply Current 


Note 1. Typical Limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
2. Actual input currents are obtained by multiplying unit load current by input toad factor (See Loading Rules). 


Switching Characteristics T, = 25°C, Vcc = 5.0V, Cy = 15 pF 


Parameters Description Min. Typ. Max, Units 


Turn Off Delay E to Q7(11) HIGH (Am2503/4) 
| -tpd—(E) | Turn On Delay E to Q7(41) LOW Cp=H,S=L 
towL{(CP) Minimum LOW Clock Pulse Width 


towH{CP) Minimum HIGH Clock Pulse Width 
| fmax | Maximum Clock Frequency 


SWITCHING TIME WAVEFORMS 


AT LEAST AT LEAST 
tywL CPI tan CP) 


KEY TO TIMING DIAGRAM 


14'S} MAX, . t(SIMIN. WAVEFORM INPUTS OUTPUTS 
WV LHL [} ——= 
* AAA — AAP TEE = wusrge wu a 
} eS) MIN 1,{D) MAX. 1,(D) MAX. 
: ; fae—t,(D) MIN. t(D) MIN. 
FA VIMY VY VY NYY 5a 
NAVWAWAVVAVVVVVVVVVVVVVVVVAAVVVAVVV, AVVAAAAVVVAAVVVVVAA_ZAVAYVVVVVVVV\ ANY maycHance = WILL BE 
tpg— MAX. tod+ MAX, FROM H TOL FROM HTOL 
: tod MIN. —-o4 toge MIN. 
Q7(11) t— Ai — Hit 1.5V 
MAY CHANGE = EU BE 
tpdt MAX. tod MAX FROMLTOH = FROM LTO H 
Qgl10) Hf 5 \\\ 15V 
TOY DON'T CARE; CHANGING; 
beet ac NerauNae FATE 
VAN y 
i 7 TL. | 


tv ENABLE TO.Q7 (11) 


E 
(2803, 2504) 


tod +(E) MAX. 


Q7(11) 


DEFINITION OF TERMS 
SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH logic level or when used with Vcc 
to indicate high Vcc value. 


1 Input 


L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 


O Output 
FUNCTIONAL TERMS: 


Fan-Out The logic HIGH or LOW output drive capability in 
terms of Input Unit Loads. 


Input Unit Load One T2 L gate input load. In the HIGH state it 
is equal to ly and in the LOW state it is equal to {j,. 


CP The clock input of the register. 


CC The conversion complete output. This output remains HIGH 
during a conversion and goes LOW when a conversion is complete. 


D The serial data input of the register. 


E The register enable. This input is used to expand the length of 
the register and when HIGH forces the Q7(11) register output 
HIGH and inhibits conversion. When not used for expansion the 
enable is held at a LOW logic tevel (Ground). 


Q7(11) The true output of the MSB of the register. 
Q7(11) The complement output of the MSB of the register. 
Q; i = 7(11) to 0 The outputs of the register. 


S The start input. If the start input is held LOW for at least a 
clock period the register will be reset to Q7(11) LOW and all the 
remaining outputs HIGH. A start pulse that is LOW for a shorter 
period of time can be used if it meets the set-up time require- 
ments of the S input. 


DO The serial data output. (The D input delayed one bit). 


OPERATIONAL TERMS: 
I Forward input load current. 


CP = H WHEN ENABLE CHANGES 


tog—lE} MAX, 


APPLIES ONLY WHEN START-SIGNAL APPLIED 


18V DURING PREVIOUS CLOCK PERIOD. 


lop Output HIGH current, forced out of output Vo}, test. 


lo_ Output LOW current, forced into the output in Voy test. 
liy Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. 

Vit Maximum logic LOW input voltage. 

Vou Minimum logic HIGH output voltage with output HIGH 
current Igy flowing out of output. 


VoL Maximum logic LOW output voltage with output LOW cur- 
rent loy flowing into output. 


SWITCHING TERMS: ( Measured at the 1.5V logic level). 
tpq—_ The propagation delay from the clock signal LOW-HIGH 
transition to an output signal HIGH-LOW transition. 


toa+ The propagation delay from the clock signal LOW-HIGH 
transition to an output signal! LOW-HIGH transition. 


tog—(E) The propagation delay from the Enable signal HIGH- 
LOW transition to the Q7(11) output signal HIGH-LOW trans- 
ition. 


tog+(E) The propagation delay from the Enable signal LOW- 
HIGH transition to Q7(11) output signal LOW-HIGH transition. 


t,(D) Set-up time required for the logic level to be present at the 
data input prior to the clock transition from LOW to HIGH in 
order for the register to respond. The data input should remain 
steady between t, max. and t, min. before the clock. 

t,(S) Set-up time required for a LOW fevel to be present at the 
S input prior to the clock transition from LOW to HIGH in order 
for the register to be reset, or time required for a HIGH level to 
be present on S before the HIGH to LOW clock transition to 
prevent resetting. 

tow(CP) The minimum clock pulse width (LOW or HIGH) 
required for proper register operation. 


Am2502/3 TRUTH TABLE 


Time Inputs 
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S 
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H = HIGH Voltage Level 
L = LOW Voltage Level 


X = Don't Care 
NC = No Change 


Outputs 


Q3 Q, Q, 


4 


Note: Truth Table for Am2504 is extended to include 
12 outputs. 


INPUTS 


OUTPUTS 
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USER NOTES FOR A/D CONVERSION 


1. 


The register can be used with either current switches 
that require a low voltage level to turn the switch on, 
or current switches that require a high voltage level to 
turn the current switch on. If current switches are used 
which turn on with a low logic level the resulting digital 
output from the register is active LOW. That is, a logic 
“1"is represented as a low voltage level. If current swit- 
ches are used that turn on with a high logic level then 
the digital output is active HIGH; a logic ‘1’’is repre- 
sented as a high voltage level. 


For a maximum digital error of +%LSB the comparator 
must be biased. If current switches that require a high 
voltage level to turn on are used, the comparator should 
be biased +%LSB and if the current switches require a 
high logic level to turn on then the comparator must be 
biased —%ZLSB. 


The register, by suitable selection of resistor ladder net- 
work, can be used to perform either binary or BCD 
conversion. 


The register can be used to perform 2’s complement 
conversion by offsetting the comparator % full range 
+% LSB and using the complement of the MSB 
Q7 (11) as the sign bit. 


If the register is truncated and operated in the contin- 
uous conversion mode a lock-up condition may occur on 
power-on. This situation can be overcome by making 
the START input the OR function of CC and the appro- 
priate register output. 


Am2502/3 TIMING CHART 


START | | 


CONVERSION 
COMPLETE 


00 


Am2502/3 LOADING RULES (IN UNIT LOADS) Am2504 LOADING RULES (IN UNIT LOADS) 
Input Fanout Input Fanout 
Pin Unit Load Output Output Pin Unit Load Output Output 
input/Output No.’s LOW HIGH HIGH LOW Input/Output No.’s LOW HIGH HIGH LOW 


E (2503) 2 2 
DO (2502) - = 


2 2 - 
- - 2 
Saeee ae 
12 
12 
12 
12 
12 
12 


DD] HD] HD HD) MDM] Mini a 


aw} oe} oe | a | ee | |] |] or | 
COPN| MIM} H pws nys—/Ol OO] GS) Ss Oi oO) BlwlnNl— 


MS! INTERFACING RULES 
Equivalent 
input Unit Load 
Interfacing Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 

Advanced Micro Devices 54/7400 

TI Series 54/7400 


National Series DM 75/85 


1 
1 
1 
1 
Signetics Series 8200 2 
1 
DTL Series 930 12 


NC = No Connection 


INPUT/OUTPUT INTERFACE CONDITIONS 
Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
"LOW" DRIVEN’LOW™ 


OUTPUT LOAD 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level) VOLTAGE 


ity 
SLOW OUTELT. ; a MAXIMUM LOGIC GND = 
4 “LOW” INPUT = 
—— £ VOLTAGE Current Interface Conditions — HIGH 


IMMUNITY OUTPUT DRIVING INPUT LOAD 
recat “HIGH” | DRIVEN'HIGH 


DRIVING DEVICE DRIVEN DEVICE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Vou, 
Vou, 


ORIVING 
DEVICE DEVICE 


Am2502/3/4 APPLICATION 
Continuous Conversion Analog-to-Digital Converter 


GND 
Am2504 SERIAL DATA OUT 


CLOCK 12-BIT SAR CONVERSION 
COMPLETE 


PARALLEL 
OATA 
OUT 


COMPARATOR 


12-BIT D/A CONVERTER 


ANALOG INPUT 


This shows how the Am2502/3/4 registers are used with a Digital-to-Analog converter and a comparator to form a very high-speed con- 
tinuous conversion Analog-to-Digital converter. Conversion time is limited mainly by the speed of the D/A converter and comparator with 
typical conversion rates of 100,000 conversions per second. 


Am2502/3 PHYSICAL DIMENSIONS 


16-Pin Mol!ded DIP 16-Pin Hermetic DIP 16-Pin Flat Pak 


035 


| A L ol alle Ba" 


Am2504 
24-Pin Molded DIP 


<24-Pin Hermetic DIP 24-Pin Flat Pak 


io 
Fe 


2160 3.255, 595, 
150 1.245 $85 
220 MIN 


I [Rb w 
eth ob be 


Tt 
32 
ae 
8: 
ga rc ye 


— | 
He s 


’ 


’ ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 


DIE SIZE 0.087” x 0.096” DIE SIZE 0.087” x 0.096". DIE SIZE 0.087” x 0.124” TELEX: 34-6306 
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Am25L02/25L03/25L04. 


Low-Power, Eight-Bit/Twelve-Bit 
Successive Approximation Registers 


Distinctive Characteristics 
@ Contains all the storage and control for successive 


approximation A-to-D converters. 


@ Can be operated in START-STOP or continuous 
conversion mode. 


FUNCTIONAL DESCRIPTION 


The Am25L02, Am25L03 and Am25L04 are 8-bit and 12-bit TTL 
Successive Approximation Registers. The registers contain all the digital 
control and storage necessary for successive approximation analog-to- 
digital conversion. They can also be used in digital systems as the 
control and storage element in recursive digital routines. 


The registers consist of a set of master latches that act as the control 
elements in the device and change state when the input clock is LOW, 
and a set of slave latches that hold the register data and change on the 
input clock LOW-to-HIGH transition. Externally the device acts as a 
special purpose serial-to-parallel converter that accepts data at the D 
input of the register and sends the data to the appropriate slave latch 
to appear at the register output and the DO output on the Am25L02 
and Am25L04 when the clock goes from LOW-to-HIGH. There are no 
restrictions on the data input; it can change state at any time except 
during the set-up time just prior to the clock transition. At the same 
time that data enters the register bit the next less significant bit is set 
to a LOW ready for the next iteration. 


The register is reset by holding the $ (Start) signal LOW during the 
clock LOW-to-HIGH transition. The register synchronously resets to 
the state Q7(11) LOW, (Note 2) and all the remaining register outputs 
HIGH, The CC (Conversion Complete) signal is also set HIGH at this 
time. The S signal should not be brought back HIGH until after the 
clock LOW-to-HIGH transition in order to guarantee correct resetting. 


DO (251.02, 25L04) 
) 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


@ Can be used as serial-to-parallel converter or ring 
counters. 


After the clock has gone HIGH resetting the register, the S signal is 
removed. On the next clock LOW-to-HIGH transition the data on the 
D input is set into the Q7(11) register bit and the Qg(10) register bit is 
set to a LOW ready for the next clock cycle. On the next clock LOW- 
to-HIGH transition data enters the Qg(10) register bit and Q5(9) is set 
to a LOW. This operation is repeated for each register bit in turn until 
the register has been filled. When the data goes into Qo, the CC signal 
goes LOW, and the register is inhibited from further change until reset 
by a Start signal. 


In order to allow complementary conversion the complementary 
output of the most significant register bit is made available. An active 
LOW enable input, E, on the Am25L03 and Am25L04 allows devices 
to be connected together to form a longer register by connecting the 
clock, D, and S$ inputs together and connecting the EC output of one 
device to the E input of the next less significant device. When the Start 
signal resets the register, the E signal goes HIGH, forcing the Q7(11) bit 
HIGH and inhibiting the device from accepting data until the previous 
device is full and its CC goes LOW. If only one device is used the E 
input should be_held at a LOW logic level {Ground). For continuous 
conversion the CC output is connected to the S input so that the device 
automatically restarts at the end of a conversion, If all the bits are 
not required, the register may be truncated and conversion time saved 
by using a register output going LOW rather than the CC signal to 
indicate the end of conversion. 


LOGIC DIAGRAM/SYMBOLS 


O71 6190) Vise NOTE) 
? ’ | Bus 5 {9} 101 


NOTE: 


1. Cell logic is repeated for 


register stages. at 


Am25L02, 251.03 
B-BIT SAR 


O5 to Q4 Am25L02/3 ccjo 


07 Og Gy O4 03 07 O; O 


Qg to Q, Am25L04 
2. Numbers in parentheses are for AmM25L04 


15 1413 12 116 5 4 3 


Package 
Type 


Temperature 


Range Number 


Molded DIP O°C to +75°C AM25L02PC <2 AM25L03PC 
Hermetic DIP O°C to +75°C AM26L020G “ AM25L03DC 
Hermetic DIP 55°C to +125°G.7;°AM25t02DM AM25L03DM 

Hermetic Flat Pak ,AMI25L02FM AM25L03FM 


Dice igte =”, AM25LO02XX  AM25L03XxX. 


eS 
Note: The dice supplied will contain units which meet both 0°C to 
+75 C and —55 C to +125 C temperature ranges. 


Voc = Pin 16 
GND =Pin8 


Am25L04 
Order 
Number 


AM25L04PC 

AM25L04DC 
AM25L04DM 
AM25L04FM 
AM25L04XX 


Vec= Pin 24 
GND = Pin 12 
NC = Pins 10, 15, 22 


2321201918 1718 9 8 7 65S 4 


LOADING RULES 
In Unit Loads (Notes) 


TTL LOADS 


25L, 93L LOADS 
Input Load Factor HIGH LOW HIGH | LOW 
cP 0.5 0.25 1.0 1.0 

E,D,s 1.0 0.5 2.0 2.0 


Output Drive HIGH LOW HIGH LOW 
All Outputs 10 3 20 12 


Notes 1. A TTL unit load is specified as 0.4V at —1.6mA 

LOW, 2.4V at 40uA HIGH. 

2. A 25L, 93L unit load is specified as 0.3V at 
—400uA LOW, 2.4V at 20uA HIGH. 

3. Enough output LOW current is available to mix 
TTL and 25L, 93L toads and still meet the 25L, 
93L requirement of a VoL of 0.3V. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ie ~—65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
OC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25L02XC Am25L03XC Am25L04XC Ta =O°C to +75°C Vec = 5-0V +5% 
Am25L02XM Am25L03 XM Am25L04XM Tp = —55°C to +125°C Vec = 5-0V +10% 
Parameters Description Test Conditions Min. Typ.(Note 1) Max. Units 


Vec = MIN., loy = —0.4mA 
Vv Output HIGH Voltage 2.4 3.6 Volts 
eg Vin = Vin or Vin 


Vec =MIN., lo =4.92mA 
V Output LOW Voltage 
oP Vin = Vin oF Vit 
Guaranteed input logical HIGH 
Vii Input HIGH Level voltage for all inputs 
Vib Input LOW Level Guaranteed input logical LOW 


voltage for all inputs 


He 25L, 93L Unit Load - a 
(Note 2) Input LOW Current Meee Mes MINS O-3Y 


25L, 93L Unit Load 
iW Input HIGH Current 


(Note 2) 


Input HIGH Current 


Output Short Circuit Current 


pe [ee 
clea eens ER sj ™ 
XM 22 31 
loc Power Supply Current Veco =MAX. | Am25L03 XC 22 33 mA 
vase 3 aa 
Am25L04 ee 
XC 


Note 1. Typical limits are at Veg = 5.0V, 25°C ambient and maximum loading. 
Note 2. Actual input currents are obtained by multiplying unit load current by the 25L, 93L input load factor. (See loading rules) 


Switching Characteristics (T, = 25°C, Voc = 5.0V, Cy = 15pF) 


Parameters Description Min. Typ. Max. Units 


Turn On Delay CP to Output LOW 


Set-up Time Data Input 


Set-up Time Start Input 


Turn Off Delay E to Q7(11) HIGH (Am25L03/4) 


Turn On Delay E to Q7(11) LOW Cp=H,S=L 
towL{CP) Minimum LOW Clock Pulse Width 
towH (CP) Minimum HIGH Clock Pulse Width 


Am2505 


Four-Bit by Two-Bit 2’s Complement Multiplier 


istinctive Characteristics: 


Provides 2’s complement multiplication at high speed ¢ Multiplies in active HIGH (positive logic) or active 
without correction. LOW (negative logic) representations. 

Can be used in an iterative scheme or time e Easy correction for unsigned, sign-magnitude or 1’s 
sequenced mode. complement multiplication. 

Multiplies two 12-bit signed numbers in_ typically e 100% reliability assurance testing in compliance with 
175ns. MIL STD 883. 


FUNCTIONAL DESCRIPTION: LOGIC SYMBOLS 


The Am2505 is a high-speed digital multiplier that can multiply numbers 
represented in the 2’s complement notation and produce a 2’s comple- 
ment product without correction. The device consists of a 4x2 multiplier 
that can be connected to form iterative arrays able to multiply numbers 
either directly, or in a time sequenced arrangement. The device assumes ACTIVE LOW ACTIVE HIGH 
that the most significant digit in a word carries a negative weight, and can 
therefore be used in arrays where the multiplicand and multiplier have dif- 
ferent word lengths. The multiplier uses the quaternary algorithm and per- 
forms the function S = X Y + K where K is the input field used to add par- 
tial products generated in the array. At the beginning of the array the K 
inputs are available to add a signed constant to the least significant part 


7 6 5 4 3:1 = 19 18 17 16 765 4 3 1 «+19 18 17 16 


X-1 XQ X4X2 x3 x4 kg ky k2 kg X_7 XQ XEX2 x9 xq kQ ky kz kg 
vy v-1 


of the product. Multiplication of an m bit number by an n bit number in *0 an aee Md Am 2508 

an array results in a product having m+n bits so that all possible com- 1 2's COMPLEMENT 1 2's COMPLEMENT 
binations of product are accounted for. If a conventional 2’s complement MULTIPLIER Cy MULTIPLIER Cn+4 
Product is required the most significant bit can be ignored, and overflow 


Pp 
conditions can be detected by comparing the last two product digits. S2_S3_ Sq 55 So_S1_S2_ $3 54 55 
Figure 2 shows how multipliers are connected together in an array. A 
number of connection schemes are possible. Figure 4 shows diagramat- 
ically the connection scheme that results in the fastest multiply. !f higher 
speed is required an array can be split into several parts, and the parts 
added with high-speed look-ahead carry adders such as the Am9340. V.. = PIN 24 
Provision is made in the design for multiplication in the active high GND = PIN 12 
(positive logic) or active low (negative logic) representations simply by 
reinterpreting the active level of the input operands, the product, and a 
polarity control P. For a more complete description and applications the 
user is referred to the Am2505 Application Note. 


LOGIC DIAGRAM 


So Sy 82 $3 Ch +4 Sq 55 


Am2505 ORDERING INFORMATION CONNECTION DIAGRAM 
. Top View 
Voc v1 Yo ¥1 PF ko ky kz kg 85 S4 Cne4 
Package 

Type 2 Number 24 23 22 212019 1817 16 15 14 13 
Molded DIP 0°C to.4+-75°C., * AM250559C 
Hermetic DIP O°G to +752C AM250559G 
Hermetic DIP 7 55°C.to +125°C AM250551G 
Hermetic Flat Pak. °.—55°C:to +125°C + AM250551P 
Dice ' ’ AM 2505XXD 


123 4 5 6 7 8B 9 10 11 12 


4 Cn *3 %2 %1 Xo X-1 Sq Sy S2 S3GND 
Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. NOTE: PIN 1 is marked for orientation. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature : —65°C to +150% 
Temperature (Ambient) Under Bias —55°C to +125% 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5 V to +7' 
DC Voltage Applied to Outputs for High Output State —0.5 V to +V.- ma 
DC Input Voltage —0.5 Vto +5.5' 
Output Current, Into Outputs 30m 
DC Input Current —30 mA to +5m 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am250559X —T, = 0°C to +75°C = Vgg = 4.75 V0 5.25 V 
Am250551X —T, = —55°C to +125°C Vo, = 4.50 V to 5.50 V 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Veco = MIN., Ioy = —0.48 mA 
V, Output HIGH Voltage cc »'OH 
” Vin = Vin OF Vin | ae | 
Vor Output LOW Voltage Vec = MIN., Io, = 9.6 mA Lo 


Vin = Vin OF Vir 
Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Vit , Input LOW Level Guaranteed Input logical LOW 
voltage for all inputs 
Iie: Unit Load = = a 
(Note 2) Input LOW Current Veg se MAK Vina 04. Ll 4 


Voc = MAX,, Vin = 2.4V 
(Note 2) Input HIGH Current 


Input HIGH Current Vec = MAX,, Viy = 5.5 V 
Isc Output Short Circult Current Vec = MAX., Voy, = 0.0 V 


Power Supply Current = = 

I Veco = MAX., Y, = 

ee Am250551X ia ibaa arc 
Power Supply Current 

lec Am250550X Neo MNS T= ON 


Notes: 1 Typical Limits are at Veg = 5.0 V, 25°C Ambient and maximum loading. 
2 Actual input currents are obtained by multiplying unit load current by the Input load factor. (See loading rules) 


Gi 


SWITCHING CHARACTERISTICS V.. = 5V, T, = 25°C, C, = 15 pF 


Parameters From (Input) To (Output) Test Conditions Min Typ Max Units 


See Test Table 


See Test Table 


See Test Table 


See Test Table 
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SWITCHING TIME TEST TABLE 


| Outputs sd Inputs at OV (remaining inputs at 4.5V) 


P, Y_,, Y,, All X 


n¢-41 Soj239 Sus 
Ss 


ng-4¢ S123» Sas 
n-4 S123» Sas 
n¢-4 S231 Sas 
S; 
Sis 
S45 


Chas Soi23) S45 
C543 Soi23 Sus 
Ch 4.4 Soi23 S45 


JEFINITION OF TERMS 


3UBSCRIPT TERMS: 


4 HIGH, applying to a HIGH logic level or when used with Voc 
‘0 indicate high Vcc value. 

| input. 

- LOW, applying to LOW logic level or when used with Vcc to 
ndicate low Vcc¢ value. 

O Output. 


FUNCTIONAL TERMS 


C, The carry input to the high-speed adder. 

C,.4 The carry output from the high-speed adder. 

k, The constant field used for accumulating partial products. 
i=0, 1, 2, 3. At the beginning of the array the K field can be used 
to add a 2’s complement number to the least significant half of 
the double length product. . 

P The polarity control input. This input must be at a low-logic 
level for numbers in the active high logic representation, and held 
high for numbers in the active low logic representation. 

S$; The product outputs. i = 0,1,2,3,4,5. 

x, The multiplicand inputs. i= —1, 0, 1, 2, 3, 4. At the first column 


P,Y_,,Y,, AllX 
P,Y_,,Y,, AUX 
P,Y_,,Y,, All X 
P,Y_,,Y,, All X 
P,Y_,,Y,, AX, C, 


P,Y,, Allk 
P,Y_,, Y,, Allk 
P,Y_,,Y,, All k 
P,Y_,,Y,, Allk 
P,Y_,, Y,, All k 
P,Y_,,Y,, All k, C, 
P,Y,, Allk, CG, 


P,X,, Xo X5, X yp All k 
P,X,, Xs X3p Xq All k 
Xor Xs Xoo Xqo Xqp All Kk 


of the array x_, must be held at logic ‘0’, and at the Jast column of 
the array x, is connected to x;. 
y; The multiplier inputs. i= —1, 0, 1. 

At the first row of the array y_, must be held at logic ‘0’. 


OPERATIONAL TERMS: 


I, Forward input load current. 
lo Output HIGH current, forced out of output in Vo,, test. 
Io, Output LOW current, forced into the output in V,, test. 


Icc The current drawn by the device from Vc, power supply with 
input and output terminals open. 

14, Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 
Viy Minimum logic HIGH input voltage. 


Vi, Maximum logic LOW input voltage. 

Vin Input voltage applied in |,,, |), tests. 

Vou Minimum logic HIGH output voltage with output HIGH 
current Io, flowing out of output. 


Vo, Maximum fogic LOW output voltage with output LOW current 
lo, flowing into output. 2-11 


MSI INTERFACING RULES 


Equivalent 
Interfacing Input Unit Load 


Digitat Family HIGH LOW 


Advanced Micro Devices 54/7400 Series 
Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 

Tl Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


OPERATION TABLE 


Y Multiplier Operation 


X Multiplicand 


0 
1 
0 
1 
0 
1 
0 
1 


“~4“4~-~.0000 


Active Low Inputs and Outputs 
‘1’ = Low, ‘0’ = High, P = High 
Active High Inputs and Outputs 
‘1’ = High, ‘0’ = Low, P = Low 


USER NOTES 


1. 


Arithmetic in the multiplier is performed in the 2’s comple- 
ment notation, which requires a carry in at the first stage. 
This is accomplished by connecting the y, multiplier bit to 
the appropriate carry input terminali =1,3,5... 


. The multiplier can perform multiplication in either the 


active high (positive logic) or active low (negative logic) 
representations by reinterpreting the active logic level and 
by grounding or leaving the polarity contro! pin P open 
circuit respectively. , 


. Multiplication can be performed in number representations 


other than 2’s complement by either correcting the 2’s 
complement product or adding in a correction at the be- 
ginning of the multiplication at the K inputs. 2’s comple- 
ment numbers are represented as: X, = x-x, 27!. 


Number representation Correction 
2’s complement None 


1’s complement Add x,Y, + y,X, + x,y, at k inputs 
Unsigned (magnitude) Extend multiplier and multiplicand 
one bit at the least significant end. 
Form XYo + YoX + X,y with condi- 
tional adder and add to array 
shifted two places up at k inputs. 
Force k,, y,, x, = 0. 
Sign magnitude = = None 
Form [(XY), + 2™-'y] 
Form [(XY), + 2™!x] 


Add 2°! (x + y) — 22-2 


Input/Output 


Am2505 LOADING RULES IN UNIT LOADS 
Input 
Unit Load Fanout 
Input Input Output Output 
Pin No.’s HIGH LOW HIGH LOW 


4. The parallelogram structure resulting from connecting 


multipliers in an array is not the arrangement that makes 
for the fastest speed. Multiplication is no more than a 
series of conditional additions and subtractions, and it 
makes no difference to the final product in what order the 
operations occur. A multiplier can be moved in the array 
as long as the arithmetic weight associated with the multi- 
plier is not changed. When multipliers are moved the x 
and y lines must go with the device; only the carry in, 
carry out, and k input lines can be broken. The fastest 
array arrangement has usually a triangular shape. 


. For higher speed multiplication the array can be split into 


several parts that can be added together with high-speed 
adders. 


. Rounding off to a single length product can be achieved 


by adding a ‘1’ to the array at the most significant positive 
k input of the array, ignoring the most significant product 
digit, and using the remainder of the most significant part 
of the product. 


. Truncation of a product without round off enables some of 


the multipliers in the array to be removed. 


APPLICATIONS 


MULTIPLICAND CONSTANT 
Xq X1 X2 X3 X4q Xs XG Xz Kg Ky Kz K3 Kg Kg Kg Kz 


X_1 XQ X12 XB x4 kg ky kp kg ko ky k2 43 
MULTIPLIER 3 
y rr Am 2505 Am 2505 


0 
4x2 4x2 
2's COMPLEMENT 2's COMPLE MENT 
MULTIPLIER MULTIPLIER Cn+4 


S384 85 


— 


X-1 KO X12 3 x4 kg ky k2 kg 


2's COMPLEMENT 
MULTIPLIER Cn+4 


S$; Sp $3 84 $5 


Sp $7 Sg Sg Sio S11 


2’s Complement 8 x 4 Multiplication Active High Levels 


This diagram shows how the multiplier can be expanded in 
both the multiplier and multiplicand directions. (G = ground) 


Figure 2 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD | 
LOW DRIVEN LOW 


OUTPUT LOAD 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE OH, 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
{High level} VOLTAGE 


Vio 


Pa Otel : MAXIMUM LOGIC Current Interface Conditions — HIGH 
INPUT LOAD 


VOLTAGE You, Syst “LOW” INPUT 
. DRIVEN'HIGH 


VOLTAGE OUTPUT DRIVING 


“HIGH” 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


(IMMUNITY 
(Low level) 


DRIVING DEVICE DRIVEN DEVICE 


v 
ILy 


DRIVING ’ DRIVEN 
DEVICE DEVICE 


| 
| 
| 
| 
| 
ViH5. | 
| 
| 
! 
| 
| 
| 


Figure 3 
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PHYSICAL DIMENSIONS 
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Dual-In-Line 
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Metallization and Pad Layout 


Molded 
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101 x 101 Mils 
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7 Vins MICRO 
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iG 901 Thompson Place 

8 Sunnyvale 
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than circuitry entirely embodied in an Advanced Micro Devices produc 


Am25L05 


Low Power Four-Bit by Two-Bit 2’s Complement Multiplier 


Vistinctive Characteristics 


Provides 2’s complement multiplication at high speed 
without correction. 


Can be used in a combinatorial array or in a time 
sequenced mode. 


Multiplies two 12-bit signed numbers typically in 


335 ns. 


FUNCTIONAL DESCRIPTION 


The Am25L05 is a high-speed digital multiplier that can multiply 
numbers represented in the 2’s complement notation and produce a 
2's complement product without correction. The device consists of a 
4x2 multiplier that can be connected to form iterative arrays able to 
multiply numbers either directly, or in a time sequenced arrangement. 
The device assumes that the most significant digit in a word carries a 
negative weight, and can therefore be used in arrays where the multi- 
plicand and multiplier have different word lengths. The multiplier uses 
the quaternary algorithm and performs the function S = XY + K where 
K is the input field used to add partial products generated in the array. 
At the beginning of the array the K inputs are available to add a signed 
constant to the least significant part of the product. Multiplication of 
an m bit number by an n bit number in an array results in a product 
having mtn bits so that all possible combinations of product are 
accounted for. If a conventional 2’s complement product is required 
the most significant bit can be ignored, and overflow conditions can be 
detected by comparing the last two product digits. 

Provision is made in the design for multiplication in the active high 
(positive logic) or active low (negative logic) representations simply by 
reinterpreting the active level of the input operands, the product, and a 
polarity contro! P. For amore complete description and applications, 
the user is referred to the Am2505 Application Note. 


@ Multiplies in active HIGH (positive logic) or active 
LOW (negative logic) representations. 


@ Easy correction for unsigned, sign-magnitude or 1's 
complement multiplication. 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


LOADING RULES In Unit Loads (Notes) 
TTL LOADS 93L LOADS 


{Input Load Factor HIGH LOW HIGH LOW 
Y1, Y-1 0.9 0.9 
X_1, X3, X4, Cry 1.0 1.0 


XQ, X41, X2 2.0 1.0 
Yo, ko. k1, k2, kg 2.0 2.0 


P : : 3.0 3.0 
Output Drive HIGH LOW HIGH LOW 
All Outputs 18 12 


Notes: 

1. A TTL unit load is specified as 0.4V at -1.6mMA LOW, 2.4V at 
40nA HIGH. 

2. A 93L unit load is specified as 0.3V at _400uA LOW, 2.4V at 
202A HIGH. 

3. Enough output LOW current is available to mix TTL and 93L loads 
and still meet the 93L requirement of a Vo, of O0.3V. 


LOGIC DIAGRAM 


7 


Cy 
Am25L05 ORDERING INFORMATION 
Package - Temperature ; Order 
Type Range Number 
Molded DIP O°C to +75°C AM25L05PC 
Hermetic DIP 0°C to +75°C AM25L05DC 
Dice 0°C to +75°C AM25L05XC 
Hermetic DIP -55°C to +125°C AM25L05DM 
Hermetic Flat Pak -55°C to +125°C AM25LO05FM 
Dice —55°C to+125°C AM25L05XM 


LOGIC SYMBOLS 


ACTIVE HIGH 
19 18 17 16 


ACTIVE LOW 
765 4 3 4 #1918 17 16 765431 


*_7%Q X1%2 *3 x4 kg ky k2 kg 


Am 25L05 Am 25L05 
4x2 


4x2 
2's COMPLEMENT 2°s COMPLEMENT 
MULTIPLIER MULTIPLIER Cn+4 


p 
So Sy Sz $3 Sq 55 $1 Sz $3 Sq $5 


Voc = Pin 24 
‘GND = Pin 12 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150 
Temperature (Ambient) Under Bias —55°C to +125 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +; 
DC Voltage Applied to Outputs for High Output State —0.5V to+Vcec m 
DC Input Voltage ~0.5V to +5! 
Output Current, Into Outputs 30n 
DC Input Current —30mA to +5.0r 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25L05 XC Ta = 0°C to +75°C Vcc = 4.75V to 5.25V 
Am25L05XM Ta =-55°C t0 +125°C Voc = 4.50V to 5.50V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


v Output HIGH Volt vee SMI OHS ame 2.4 3.6 
utpu oltage x : 
on VIN = Vin OF VIL 
Vcc = MIN., lor = 4.92mA 
Vv Output LOW Voltage 0.3 
| Vor | uurtow vores | Vin = Vin = oF VIL 
Guaranteed input logical HIGH voltage 
Input LOW Level 
Ne 93L Unit Load 7 _ 
: 93L Unit Load 
ee free oN eet tte Me 


Guaranteed input logical LOW voltage 
for all inputs 


Input HIGH Current Vcc = MAX., Vin = 5.5V 
Output Short Circuit Current .| Vcc =MAX., Vout = 0.0V 
Power Supply Current Vcc = MAX., Y; = 0.0V 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


Switching Characteristics (Vcc =5V, Ta = 25°C, Cy = 15pF) 
Parameters From (Input) To (Output) Test Conditions Min. Typ. Max. Units 


tPLH 

Cc Cc 
tPLH 

Cc S0,1-2. 
tPLH 

Cc 

fom | om |e 

*PLH Any k CH+4 
tPHL 
t 
PLH Any k $0-1.2.3 
tPHL 
tPLH Any k 
tPHL 


tPLH 36 72 108 
Any x Cc 
55 83 
25 50 75 
Any x $0.12. See Test Table 
wel 45 90 135 
45 90 135 
Any x $4, 
<2 40 80 120 


tPLH 80 120 
Any y Ch+ 

tPHL mre 70 105 

tPLH 36 72 108 
Any S0.1-2. See Test Table 

tPLH re 7 

tPHL 6 ; 


.. See Test Table 


See Test Table 


SWITCHING TIME TEST TABLE 


Inputs at OV (remaining inputs at 4.5V) 


Cy+4, $0123, $45 


Cn+4, $0123, $45 
Cn+4, $123, S45 
Cy+4, $23, S45 
$3 
$45 


Cn+4. $0123, $45 


Cn+4, $0123, $45 
Cn+4, $123, S45 
Cn+4, $123, $45 

S3 

$45 

S45 


Cny+4, $0123, S45 
Cn+4, $0123, S45 
Cy+4, $0123, S45 


USER NOTES 


1. 


Arithmetic in the multiplier is performed in the 2’s com- 
plement notation, which requires a carry in at the first 
stage. This is accomplished by connecting the yj 
multiplier bit to the appropriate carry input terminal 
i=1,3,5... 


The multiplier can perform multiplication in either the 
active high (positive logic) or active low (negative logic) 
representations by reinterpreting the active logic level 
and by grounding or leaving the polarity contro! pin P 
open circuit respectively. 


Multiplication can be performed in number representa- 
tions other than 2’s complement by either correcting 
the 2’s complement product or adding in a correction at 
the beginning of the multiplication at the K inputs. 2's 
complement numbers are represented as: X2=x-x,2"-1, 


Number 
representation Correction 
2’s complement None 


1's complement Add xsY2 + ysX2 + XsYs at k inputs 
Unsigned 7 

(magnitude) Extend multiplier and multiplicand 
one bit at the least significant end. 
Form xgYo + Yox + Xgy with con- 
ditional adder and add to array shifted 
two places up at k inputs. Force 
Ks, Ys, Xs = 0. 


P, ¥.4, 4, All X 


P, Y.1, ¥4, All X 
P, Y_4, ¥1, AIX 
P,Y_1, 1, All X 
P, Y.4, ¥4, AH X 
P, Y_1, Y4, AUX, Cy 


P, Y4, All k 

P, Y_1, Y4, Allk 

P, Y_4, 1, Allk 

P, Y_1, Y4, All k 

P, Y_1, ¥7, Allk 

P, Y_1, Y7, All k, Cy 
P, Y7, Allk, Cy 


P, X41, X2, X3, Xq, All k 
P, X4, X29, X3, X4, All k 
Xo, X41, X2, X3, X4, All k 


Sign magnitude Sait ys; =90 None 
=1,y,=0 Form [(XY)o + 2°-1y] 
=0, ys=1 Form [(XY)o + 2°-'x] 
C= 1. Ys = 1 Add 2n-1(x + y)— 22n-2 


. For the highest ao array with the multipliers arranged 


in a parallelogram structure carries between certain mul- 
tipliers are exchanged with the y carry-ins needed for 
2's complement subtract. The delays in the array are 
then equalized as best possible as shown in Figure 1. 


. For higher speed multiplication the array can be split 


into several parts that can be added together with high- 
speed adders. 


. Rounding off to a single Jength product can be achieved 


by adding a ‘1’ to the array at the most significant 
positive k input of the array, ignoring the most signifi- 
cant product digit, and using the remainder of the most 
significant part of the product. 


. Truncation of a product without round off enables some 


of the multipliers in the array to be removed. 


APPLICATION 
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Figure 1. 12 x 12 Low-Power Signed Multiplier 
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Am2506 


Four-Bit Arithmetic Logic Unit/Function Generator with Output Latch 


listinctive Characteristics: e Full Look-ahead for high-speed arithmetic operation 

Provides 16 arithmetic operations including add, on long words. 
subtract, double and compare. e 100% reliability assurance testing in compliance 
Provides ALL 16 possible logic operations of two with MIL STD 883. 
variables in typically 22ns. e Mixing privileges for obtaining price discounts. Refer 
Output latch provided to hold contents of operation. to price list. 
Typical add time for 4 bits of only 22 ns, and typical e Electrically tested and optically inspected dice for the 
carry time of 12 ns. assemblers of hybrid products. 

FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 

The Am2506 is a 4-bit high-speed parailel Arithmeic Logic Unit (ALU)/ 

Digital Function Generator with Output Latch. When the mode contro! (M) 

is held LOW the circuit performs under control of four function select lines acTIVELOW ACrWE HIGH 

16 arithmetic operations, the most important being add and subtract, on 


two 4-bit parallel binary words. When the mode control is held HIGH the 23,2200 21: 20019 18 23:22 0-21 20 
circuit performs, under control of the four function select lines sixteen 
logic operations on an individual bit basis between the two four-bit 
parallel words. 

If the latch_enable E is held HIGH the result of an operation appears at 
the outputs Q, to Q, and is stored in the latch when E goes LOW. 


An internal full look-ahead carry scheme is used for high~speed arith- 
metic operations and provision made for further look-ahead by providing 
Carry propagate (P) and carry generate (G) outputs. These carry signals 
can be used as inputs to the Am54/74182 look-ahead carry generator to 
form long word length high-speed parallel arithmetic logic units. Addition 
time for sixteen-bit words with four Am2506 ALU’s and one Am54/74182 
look-ahead generator is only 34 ns. 


For systems where ultra high-speed is not required, the carry output 
signal (Cn+4) can be used to provide ripple-block arithmetic operations. Veco = PIN 24 
The ALU can be used with either active HIGH or active LOW inputs and GND = PIN 12 
can also be expanded with the Am54/74182 look-ahead carry generator 
in either mode by reinterpreting the carry signals. 


LOGIC DIAGRAM 
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U 
Am2506 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 
2s 
Package “Order 

Type Number 24 23 22 21 20 19 18 17 16 15 14 13 
Molded DIP AM250659C 
Hermetic DIP AM250659G 
Hermetic DIP AM250651G 
Hermetic Flat Pa AM250651P 
Dice ..# AM2506XXD 


NOTE: The dice supplied will contain units which meet both 0°C to +75°C 
and ~55°C to +125°C temperature ranges. NOTE: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +-150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Ve> max 
DC input Voltage —. —0.5V to +5.5\ 
Output Current, Into Outputs : 30 mA 
DC Input Current —30 mA to +5 mA 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am250659X — T, = 0°C to +75°C Voc = 4.75 V to 5.25 V 

Am250651X —T, = —55°C to +425°C Vo, = 4.5V to 5.50V 

Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Veo = MIN., loy = —0.8 mA 
Vin = Vin OF Vit 


Veo = MIN, Io, = 16.0 mA 
Vin = Vin OF Vir 


Output HIGH Voltage 


Output LOW Voltage Volts 


Guaranteed input logical HIGH 
voltage for all inputs 


Input HIGH Level Volts 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level Volts 


Unit Load 
Input LOW Current 


Unit Load 
Input HIGH Current 


Input HIGH Current 


Output Short Circuit Current 
Am250659X 


Output Short Circuit Current 
Am250651X 


Voc = MAX., Vin = 0.4 V mA 


Vec = MAX., Vin =2.4V pA 


Veo = MAX., Viy = 5.5 V 


Veco = MAX., Voy = 0.0 V mA 


Veo = MAX., Voyr = 0.0 V 


Ay; =4.5V 
B,3,C,=0V 


Ao.37 Bo.3, ©, =0 V 
Ag3 = 4.5 c 


mA 


Power Supply Current 
Am250651X 


Voc = MAX, 


Power Supply Current 


Am250659X mA 


Note 1. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
Note 2. For other input currents use Am2506 loading rules. 
SWITCHING CHARACTERISTICS Vv, =5V, T, = 25°C, N = 10 (C, = 15 pF, R, = 400 2) 
Test Conditions 
Parameter : From To See also Tables 1, 2,3 Min Typ Max Units 


M=0V,E=45V 
(SUM or DIFF mode) 
M=O0V,S,=S,=4.5V, 
S$, =S, =0 V (SUM mode) 
M=0V,S,=S,=0V, 
_S, =S, = 4.5 V (DIFF mode) 
M=O0V,S,=S,=4.5V, 
S, = 5S, =0V (SUM mode) 
M=0V,S,=S,=0V, 
S, = S, = 4.5 V (DIFF mode) 
M=O0V,S,=S,=4.5V,E=4.5V 
S, = S, = 0 V(SUM mode) 
M=0V,S,=S,=0V,E=45V_ 
S, = S, = 4.5 V (DIFF mode) 


ns 


ns 


ns 


ns 


M = 4.5V (LOGIC mode), E=4.5V 


M=0V,5,=S,=4.5V, 
S, =S, =0V (SUM mode) 


M=0V,S,=S, =O0V, 
S, = S, = 4.5 V (DIFF mode) 


M=0V, S,=S,=4.5V 


Enable LOW 
to HIGH i S, = S, =0V (SUM mode) 
M=0V,S,=S,=45V 
t,.(E) Minimum Enable HIGH Time S,=S,= OV (SUM mode) 
,=S,= 
Set Up Time, Q Outputs to 
enable HIGH to LOW 
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DIFF MODE TEST TABLE 
FUNCTION INPUTS: S, =S, =E=4.5V,S,=S,=M=0V 


Input 


Under |Apply|Apply| Apply 
45V| OV 45V 
Remaining | Remaining 
B,C, A 
Remaining | Remaining 
B,C, A 
Remainin 
A and B, C, 


Remaining 
Aand B,C, 


i 


B 


TEST TABLES 


SUM MODE TEST TABLE 
FUNCTION INPUTS: S, =S,;=E=4.5V,S,=S,=M=0V 


Other Input 
Same Bit 


Other Data Inputs 


Output! Output 


Apply | Under) Wave- 
OV 


Remaining G 
wN i+l 


Para- Apply 
meter . ASV 


B 


Remaining 
Aand B,C, 
Remaining 
Aand B,C, 


Remaining] Remaining 
B A, C, 


Remaining 
Aand B,C, 


Table 1 


JEFINITION OF TERMS 


SUBSCRIPT TERMS: 


4 HIGH, applying to a HIGH logic level or when used with Vcc to 
‘Nndicate high Vcc value. 


| Input. 


L LOW, applying to LOW fogic level or when used with Vcc to 
indicate low Vcc value. 


O Output. 


FUNCTIONAL TERMS: 

A; Active LOW Data A inputs i = 0, 1, 2, 3. 

B, Active LOW Data B inputs i = 0, 1, 2, 3. 

C, Active HIGH Carry In to nth ALU bit. 

C,,, Active HIGH Carry Out of n+4th ALU bit. 

E Active HIGH output latch enable. The result of an operation is 
stored when the Enable goes from a HIGH Logic level to a LOW 
Logic level. 

Q@; Active LOW Data Outputs of ALU latch i = 0, 1, 2, 3. 


Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 


Table 2 


LOGIC MODE TEST TABLE 
FUNCTION INPUTS: S, =S,=M=4.5V,S,=S,=0V 


Other Input 
Same Bit 


Other Data Inputs 


Remaining 
AandB, C, 


Remaining 
Aand B,C, 


Output Output 


Table 3 


G Active LOW carry generate output for use in multi-level look- 
ahead schemes. 


M Mode input controls whether arithmetic or logic operation. 

P Active LOW carry propagate output for use in multi-level Jook- 
ahead schemes. 

S$; Control inputs determine the arithmetic or logic function obeyed 
i=0, 1, 2, 3. 

Unit Load One T’L gate input load. In the HIGH state it is equal to 
yiand in the LOW state it is equal tol,,. 


OPERATIONAL TERMS: 

1, Forward input load current. 

lo, Output HIGH current, forced out of output in Vo,, test. 
Io, Output LOW current, forced into the output in V,, test. 
I, Reverse input load current. , 
Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 

Viy Minimum logic HIGH input voltage. 

Vi, Maximum logic LOW input voltage. 

Vou Minimum logic HIGH output voltage with output HIGH current 

lox flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 

lo, into output. 2-21 


MSI INTERFACING RULES Am2506 LOADING RULES 


Equivalent Fanout 
Interfacing Input Unit Load Input Output Output 
Digital Family HIGH LOW Input/Output Pin No.’s_ Unit Load HIGH LOW 


Advanced Micro Devices 54/7400 Series 
Advanced Micro Devices 9300/2500 Series 


FSC Series 9300 
Ti Series 54/7400 


wn 


Signetics Series 8200 
National Series DM 75/85 
DTL Series 930 


OM) WM 
° 


©) 


3 


Table 4 


1) Ol Ol) = 


USER NOTES 


. Arithmetic operations are performed on a word basis. 


. Logic operations are performed on a bit basis. 


. Arithmetic in 1’s complement requires an end around 


carry. 
. Subtraction in 2’s complement arithmetic requires a carry 


in (C, = HIGH) active LOW case, (C, = LOW) active HIGH 


3 
+ 
» 


case. 


In the active HIGH case the B field can be complemented, 
and in the active LOW case the A field can be comple- 


mented. The operation table is changed by complement- 


ry 


ing the appropriate variable for each operation. 


N 


Dil) >I} oi DI} wi OI] _O| “a mM) oF 


Q 
QO 


Table 5 


OPERATION TABLE 


Control Inputs Active LOW Inputs and Outputs Active HIGH Inputs and Outputs 
S, S, S, S, Arithmetic Ms L,C,=L) | Logic(M=H) | Arithmetic (M=L,C, =H) Logic (M = H) 
ee ee eee ee 


AB minus 1 A+B 
AB minus 1 A+B A+B 


minus 1 (2’s comp.) Logic ‘1’ minus 1 (2’s comp.) 
A plus [A + B] Aplus AB 
AB plus [A + B] AB plus [A + B] 


A minus B minus 1 A minus B minus 1 
A+B AB minus 1 
A plus [A + B] Aplus AB 
Aplus B Aplus B 


a ae 


AB plus [A + B] AB plus [A + B] 
A+B A+8 AB minus 1 

Aplus A (2 x A) Logic ‘0’ A plus A (2x A) 

Aplus AS ‘B A plus [A + B] 


Aplus AB A plus [A + B] 


A A minus 1 


ZlPzoyzi ticle {perl erly cl ole ie 


Lu 


SSFP tel ehe are (ere lare 


1 


fs ee Oe 0 ee Oe Oe ee 


xrl/rejoz 


po ee ed Be 


L =LOW Voltage Level 
H =HIGH Voltage Level Table 6 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
KEY TO TIMING DIAGRAM 
INPUTO 04.5V 9 9 9S WAVEFORM INPUTS ‘outputs 


MUST BE WILL BE 
STEADY STEADY 


PULSE SEE 
GENERATOR TEST 
(See Note 4} TABLES 


WILL BE 
MAY CHANGE — GuaNainc 


LOAD CIRCUITS az FROM H TOL FROM H TOL 


2,3, 4,5,6, AND 7 


Am 2506 


PID! p) WO! | Si yl 
ofr HN NY 


a 


WILL BE 
MAY CHANGE CHANGING 


FROMLTOH = FROM L TOH 


"oz 
3 


A a DON’T CARE; CHANGING; 
The pulse generator has the following characteristics: ANY CHANGE STATE 


frequency = 1 MHz, Zou = 50 Q. PERMITTED UNKNOWN 
. C, includes probe and jig capacitance. 
. All diodes are 1N3064, _| 


AT LEAST 
tpw (E} MAX, 


tpg max + ts max 


geek a | $n 
N\ MWY 
Timing Requirements — 2506 
Changes are permitted only 


during periods marked with 
diagonal lines. 


' [Ses 
VWVV\\\ VWVVVV\ \ 
At 


Am2506 SET-UP and RELEASE TIMES 


To determine the timing requirements for the enable input of the 
Am2506, it is helpful to consider the device as consisting of two 
parts, an ALU followed by a latch on the outputs. See the Figure. 
(In fact, the latch is an integral part of the ALU and does not 
contribute delay between the Am2506 inputs and outputs. The 
latch in the model therefore has a propagation delay of zero.) 
The delay between input changes on the ALU and steady data 
on the inputs of the latch is defined by the tpd’s of the Am2506. 
In the model, a signal change on an ALU input will cause the 
data at the latch input to change sometime between t,g min and 
toa max for that path in the Am2506 switching specification. The 
set-up and release times for the enable input may be defined in 
the ordinary manner; they are the maximum and minimum set-up 
times for the data inputs relative to the end of the enable pulse. 
To guarantee storing data, the data must be present at the latch 
input for at least t, max before the end of the enable. To guaran- 
tee not storing data, the latch inputs must not change until after 
t, min before the end of the enable. The maximum and minimum 
set-up times for the Am2506 are defined in this fashion for the 
latch in the mode! shown. 


The timing requirements for the Am2506 can then be stated as 
follows: To guarantee storing data, the time between the appli- 
cation of steady data to the Am2506 inputs and the end of the 
latch enable must be at least tps max plus t, max. To guarantee 
not storing data, the delay between a change on the Am2506 
inputs and the end of the latch enable must be less than tpa min 
plus t, min. Since the set-up times are negative, the algebraic 
addition allows the latch enable to end before the data actually 
appears at the Am2506 output. Model of Am2506 With Separate Latch On ALU Outputs 


Am2506 APPLICATION 


16-WORD 4-BIT ARITHMETIC REGISTER SLICE 


ACCUMULATOR ENABLE MEMORY ENABLE FUNCTION TABLE 


77] 
” 
n 


Arithmetic (M = L, ©, =H)| Logic (M =H) 
A A 
A+B AB 
A+B AB 
minus 1 (2’s comp.) Logic ‘0’ 
A plus AB 
AB plus [A + B] 
A plus B 
AB minus 1 
A plus AB 
A minus B minus 1 
AB plus [A + B] 
AB minus 1 
A plus A (2 x A) 
Aplus [A + B] 
A plus [A + B] 
A minus 1 


REGISTER 
ADDRESS 
SELECT 


E Dg Dy Do Dy 


Am9308 4-B1T LATCH 1 


ma Go OF; Az Q3 


Ls ee ln De es ce Oc ese ee Oe De ode 
i oe ce Oe OO ee ee Oe OO oO 
| Se ee er | a Se ee ee a 
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L = Low Voltage Level 
H = High Voltage Level 


PHYSICAL DIMENSIONS 
Dual-In-Line 
Hermetic 


ti .020 MIN 


Ci 
ch 


Flat Package 


868 


270 
MAX. 
| 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(3) 


Am25L06 


Low-Power Four-Bit Arithmetic Logic Unit/ 
Function Generator with Output Latch 


stinctive Characteristics 
125 mw typical power dissipation. ¢ 100% reliability assurance testing in compliance with 
MIL STD 883. 


NCIUGeS OUI PIE latcluoneurputs: ® Provides all 16 possible logic operations of two vari- 


Typical add time for 4 bits of only 47 ns. ables typically in 42 ns. 
FUNCTIONAL DESCRIPTION LOADING RULES 
The Am25L06 Is a 4-bit high-speed parallel Arithmetic Logic Unit (ALU)/ In Unit Loads (Notes) 


Digital Function Generator with ouput Latch. When the mode contro! (M) 
is held LOW the circuit performs under control of four function select lines 
16 arithmetic operations, the most important being add and subtract, on TTL LOADS 93L LOADS 
two 4-bit parallel binary words. When the mode control is held HIGH the 
circuit performs, under control of the four function select fines sixteen Input Load Factor LOW 
logic operations on an individual bit basis between the two four-bit 


parallel! words. M,E . q 1.0 
If the latch_enable E is held HIGH the result of an operation appears at = = 
the outputs Q, to Q, and is stored in the latch when E goes LOW. all A, all B . . 3.0 
An internal full look-ahead carry scheme is used for high-speed arith- 

metic Operations and provision made for further look-ahead by providing So S, S,, S, . ‘ . 4.0 
carry propagate (P) and carry generate (G) outputs. These carry signals 

can be used as inputs to the Am54/74182 look-ahead carry generator to Cc F A 5.0 
form long word length high-speed parallel arithmetic logic units. Addition W 

time for sixteen-bit words with four Am25L06 ALU’s and one Am54/74182 


took-ahead generator is only 34 ns. Output Drive : HIGH LOW 
For systems where ultra high~speed is not required, the carry output E Ez F G P Cc 42 
signal (Cn+s4) can be used to provide ripple-block arithmetic operations. 1 F29 39 Me Fs Mtg 


The ALU can be used with either active HIGH or active LOW inputs and 
can also be expanded with the Am54/74182 look-ahead carry generator 
in either mode by reinterpreting the carry signals. 

NOTES: 

1) ae unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 


GH. 
2) Nae unit load is specified as 0.3 V at —400.uA LOW, 2.4 V at 20 wA 


3) Enough output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a Vo, of 0.3 V. 


LOGIC SYMBOLS LOGIC DIAGRAM 


ACTIVE LOW = _ E “4 * . _ ee 
E Ch M A B A B A B A B 
2 4 23:22 2120 19 18 0 9 u 1 2 2 3 3 


Besuoox 


1 ene re inl er 
ALU WITH LATCH Gg LJ UB U 
GlOo—17 w 


PIO—15 


9 10 WM 13 —— — ore 
tt 
————— ene 
ACTIVE HIGH om i 
2 1 23 22 21 20 19 18 7 


A, By Ag 82 Ag B3 


7 Cr+4 JO— 16 
8 Am25L06 
6 So 4-BIT b 
5 ALU WITH LATCH LJ 
4 7 . 
3 
14 i5 J 
9 10 MW 43 a3 P Cn+4 G 


Am25L06 ORDERING INFORMATION MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Blas —55°C to +125°C 
nee kage Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —O0.5Vto+7V 
ype 


DC Voltage Applied to Outputs for High Output State —0.5 V to +Vc, max 
DC Input Voltage —0.5 V to +5.5V 


24-Pin Molded DIP AM25L0659C 


24-Pin Hermetic DIP . AM25L0659G 
24-Pin Hermetic DIP .... ‘ tov al AM25L0651G Output Current, Into Outputs 30 mA 
24-Pin Hermetic Flat:Paky 55°Cto' +1 25°C AM25L0651P jeley Input Current (Note 1) —30 mA to +5.0 mA 
Dice., alo ~’ Note AM25L06XXD es 


i ia 
Gage 
% Se 


NOTE: The dice supplied will contain units which meet both 0°C to +75°C . ‘ . 
and —55°C to +125°C temperature ranges. Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am25L0659X — T, = 0°C to +75°C Veg = 4.75 V to 5.25 V Am25L0651X —T, = —55°C to +125°C Veg = 4.5 V to 5.50 V 
Parameters Description : Test Conditions Min. Typ. (Note 1) Max. Units 


Voc = MIN., fo, = —0.4 mA 
Output HIGH Voltage cc »'OH 
[ouput tar vatece | Vin = Vin OF Vi 
Veco = MIN., Io, = 4.92 mA 
Output LOW Voltage cc > TOL 
| Output Low vonage | Vin oe Vin or Vin hy 
Input HIGH Level Guaranteed input logical HIGH 
voltage for all Inputs 


Vou 
Vor 
Vin 


Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 

93L Unit Load _ 7 

Input LOW Current Voc = MAX,, Vin = 0.3 V 


93L Unit Load 
= “ = 2, 
Input HIGH Current Nog MaKe Nin 28 


= 


(Note 2) Vec = MAX, Vin = 5.5 V 


Isc Output Short Circuit Current | Voc = MAX., Voy; = 0.0 V } 15 
lee Power Supply Current Veco = MAX. 


Notes: 1) Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS v., =5V, T, = 25°C, C, = 15 pF 


Parameter From (Input) To (Output) Test Conditions Min Typ. Max Units 

tod ae C.., | i | 6 Te ns 

[tea | ee ee ee a 
M=0V,E=45V ee ee ee ee ee ee 

| te (SUM or DIFF mode) Oe a ee ee 
| tes | 
a M=0V,S,=S, =OV, ee a ae ne 
oa (or By, S, = S, = 4.5 V (DIFF mode) ee 
Korb M=0V,S,=S,=45V, J  < a 
Per ate | aa S, = S, = 0 V (SUM mode) ee 
ec ee M=O0V,S,=8,=0V, ee ee ‘a 
S, = S, = 4.5 V (DIFF mode) ee ee ee 

toa 7 orb, 7 M=0V,S,=S,=45V,E=45vV | 12 | 48 | 72 | ns 
f—atee 1 a S, = S, = 0 V (SUM mode) 

tds ren a M=0V,S,=S,=0V,E=4.5V ae eee ee ee ns 
Sie i i i+) S, = S, = 4.5 V (DIFF mode) 

set A, or B, ns 

lod — 
— A M=0V,S,=S, =OV, ee ae ee ee ee ee eee 
re tees nae = S, = 4.5 V (DIFF mode) eee ee es ee 


M=0V, S,=S,=4.5V 
S,=S, =0V (SUM mode) 
M=OV,S,=S,=45V 
S, = S, = 0 V (SUM mode) 


See Am2506 data sheet 
= i that a pe | | me | on 


| Control Inputs | Active LOW Inputs and Outputs Active HIGH Inputs and Outputs 
8, 8, 8, 8, | Arithmetic = LC,=1) | Logle(W=H) | Arithmetic =LC,=™ | Logie =H) | 


1 oO ' 
teas Enable LOW 
to HIGH 


Minimum Enable HIGH Time 


Set Up Time, Q Outputs to 
enable HIGH to LOW 


oO 
Uv 
m 
a 
> 
a 
oO 
= 
=~ 
> 
wo 
rm 
m 


(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


=z 


Pettt [Ammer | A | 
HLLUL AB minus 1 a - 
LHULL AB minus 1 
H HLL minus 1 (2’s comp.) : minus 1 (2's comp.) 
L LHL Aplus [A + B] A+B Aplus AB 
H LHL AB plus [A + B] B AB plus [A + B] 
L HHL A minus B minus 1 A minus B minus 1 : 
H HHL A+B A+B ADVANCED 
ctu | Apwiase) | 8 | Apusaa—_—* MICRO 
R@E DEVICES INC. 
cH ABpusta+e) | __8 | ABpus A+B] ~ 901 Thompson Place 
PHAM | Ate | A¥8 | ABminst + Sunnyvale 
Lt HH Aplus A (2x A) Aplus A (2x A) California 94086 
L HH 
H H 


Aplus AB AB Aplus [A + B} 
5 AB 


Aplus AB ; Aplus [A + B] 


rc 
=x 
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-Am8284/8285 


Binary Hexadecimal/BCD Decade Synchronous Up-Down Counters 


Jescription: The Am8284 Binary Hexadecimal and the 
\m8285 BCD Decade Synchronous Up/Down Counters 
are functionally, electrically, and pin-for-pin an equiva- 
ent to the Signetics 8284 and 8285. They are available 
n the hermetic dual-in-line package. 


FUNCTIONAL DESCRIPTION 


The Am8284 and Am8285 Up/Down Counters consist of 
four “T”’ (trigger) flip flops driven synchronously by a buffered 
clock pulse (CP) input. The flip flop outputs Q,, Q,, Q;, Q, 
and Q, are available. 


The outputs change states synchronously on the falling 
edge of the CP input. Count direction is controlled by a 
single Up/Down (U/D) input. Count Enable (CE) input, when 
LOW, inhibits the count mode. Carry In (Cl) input, when LOW, 
inhibits the count mode and forces the Carry Out (CO) output 
to a LOW state. 


The Am8284 output is in the 8-4-2-1 weighted binary code 
of 0 through 15. The Am8285 output is in the 8-4-2-1 BCD 
code of 0 through 9. A HIGH terminal count output, Carry 
Out (CO), is available when the following conditions are 
satisfied: 


COg054 = (Cl) + (Q,Q,Q Q,0,,0,UP 
COg9, = (Cl) + (Q Q,a,a a UPIGOaS UP 


The Set Input LOW sets the Am8284 and Am8285 asyn- 
chronously to their respective maximum counts of fifteen (15) 
and nine (9). Reset Input LOW sets both counters asynchron- 
ously to minimum count zero (0). Truth Table | describes the 
asynchronous and synchronous operating modes for both 


counters. 
ORDERING INFORMATION 

Part Package Temperature , ‘Order 
Number Type Range Number 
N8284 Hermetic DIP 0°C to +76°C N8284A 
$8284 Hermetic DIP —55°C: to 1: $8284A 
8284 Dice be X8284D 
N8285 Hermetic DIP N8285A 
$8285 Hermetic Dl 55°C: to +125°C $8285A 
8285 Dic “Note 10 X8285D 


Note 10: The“dice’suppiled will contain units which meet both 0°C to 
6°C and —55°C to + 125°C temperature ranges. 


Distinctive Characteristics: 100% reliability assurance 
testing including high temperature bake, temperature 
cycling, centrifuge and package hermeticity testing in 
compliance with MIL STD 883. 


Mixing privileges for obtaining price discounts. Refer 
to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


LOGIC DIAGRAMS/SYMBOL 


Am8284 


lt ites it esi = 
ete e Se ie 


©) o) 
SET RESET CE Cl UD 


Am8284/8285 
UP/DOWN COUNTER 


Q, 3 4 a 


cP” co 


Vec™ PINS 
GND=PIN7 


CONNECTION DIAGRAM 
Top View 


NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage and Junction Temperature 


—65°C to +175°C 


Temperature (Ambient) Under Bias 


—55°C to +125°C 


Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5 Vto +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vec max 
DC Input Voltage —0.5 V to +6.0 V 
Output Current, Into Outputs 100 mA 
DC Input Current (Note 1) +30 mA 
N8284/N8285 T, = 0°C to +75°C 
ELECTRICAL CHARACTERISTICS _ ss2sa/sszas 1, = —55°C to +125°C Limits 
DC Characteristics (Notes 2, 3, 4). —55°C oc +25°C +75°C +125°C 
Parameters Part No. Test Conditions Min Max Min Max Min Typ Max Min Max Min Max _ Units 
All Veco = 5.0 V, lay, = 20xl, = —0.5 MA 2.8 
Vou("1") 2.6 3.0 2.6 
Output HIGH Veer = 4.75 V, Ioy = 20x, = —0.5 mA | ~ ; : Volts 
Voltage (Refer to Notes 6 and 9) 
2.6 3.0 2.6 
Voc = 5.0 V, Io, = 6xI; = 9.6 mA 0.4 
"Vo("“0") 
Output LOW $8285 | Veg. = 4.75 V, lo, = 6xl, = 9.6 MA ae 0-4 | Volts 
Voltage N8284 | (Refer to Note 6) 
ie $8284 
Vint”) $8285 | feo 
Input HIGH Voecu = 5.25 V, Veco, = 4.75 V Volts 
Voltage N8284 
N8285 
V0") 
Input LOW Voc = 5.25 V, Vee, = 4.75 V 
Voltage 
2 N8285 
1,0") $8284 
Input Load $8285 o = 
Current Na2ed Vocy = 5.25 V, Ve = 0.4 V 
(CE,CP,U/D) 
1.(0") 
Input Load 2 _ 
Current Vecy = 5.25 V, V, =0.4V 
(Cl) 
1,(0") 


Input Load 
Current 
(SET, RESET) 


(CE,CP,U/D) 


$8285 
N8284 


A i | ”) $8284 
Reverse Input | $8285 
Current e Vocn = 5.25 V, Vp = 4.5 V 


Vocy = 5.25 V, Ve = 0.4 V 


1, (‘1 ") 
Reverse Input _ -_ 
Current. Vocy = 5.25 V, Vy = 4.5 V 
(Cl) 
ae ; 125 125 125 
 sileihe lal Voc = 5.25 V, Vp = 4.5V nA 
urrent N8284 125 125 
(SET, RESET) } N8285 125 
7 $8284 [ 
IN $8285 | Voc = 5.0 V, I = 10 mA 
shies Latch N8284 | (Refer to Note 8) ot Holts 
oltage N8285 
el 
I $8284 
SC 
Output Short Hey Veco = 5.0 V —20 —70 mA 
Circuit Current N8285 
‘6 $8284 eal 
Po $8285 Be 
ower ng284 | VocH = 5.25 V 270. 360 : mw 
Dissipation N8285 


Note 1. Maximum current defined by DC Input Voltage. 


2. Pulse tested. 


3. All voltage and capacitance measurements are referenced to the ground 
terminal. Terminals not specifically referenced are left electrically open. 
_ 4, All measurements are taken with ground pin tied to zero volts. 
5. Output source current is supplied through a resistor to ground. 


6. Output sink current is supplied through a resistor to Vcc. 

7. One DC fan-out is defined as 0.8 mA. 

8. This test guarantees operation free of input latch-up over the specified 
operating supply voltage range. 

9. To set Q2 and Q3 HIGH on the 8285, connect Qs to CE, momentarily ground 
SET, and count down. The counter will stop at BCD-7 (0111). 


Switching Characteristics Test Conditions 


tore (Clock to Out) Veco = 5.0 V 
ton (Clock to Out) Refer to Figure 1 
| TON (VIO! 


tore (Set/Reset to Out) 
ton (Set/ Reset to Out) 


Vee = 5.0 Vv 
Refer to Figure 2 


tore (Cl to CO) 
ton (Cl to CO) 


Count Frequency 
Clock Min ‘'1”’ Interval 


Set-Up Time 
Cl, CE, U/D 


Cl, CE, U/D Release Time 
Set/Reset Hold Time 


Vee = 5.0 V 
Refer to Figure 3 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 

F Forward, applying to LOW inputs. 

H_ HIGH, applying to a HIGH logic level or when used with Voc 
to indicate high Vcc value. 

I Input. 

L LOW, applying to a LOW logic level or when used with Vcc to 
indicate low Vcc value. 

O Output. 

R_ Reverse, applying to HIGH inputs. 


FUNCTIONAL TERMS: 

Asynchronous Inputs Outputs (flip flops) change state on command 
from these inputs independent of the clock pulse. 

CE Count Enable LOW inhibits the counter. Outputs Q,, Q,, Q;, Q, 
and Q, remain unchanged. 

Cl Carry In LOW inhibits the counter and forces Carry Out (CO) 
to LOW. Outputs Q,, Q,, Q,, Q, and Q, remain unchanged. 

CO Carry Out output is HIGH whenever Carry In (Cl) is HIGH and 
the counter is either in the ‘‘Up” count mode and at maximum count 
(9 for 8285; 15 for 8284) or in the “Down” count mode and at 
minimum count of zero. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

Hold Time The minimum time required for the logic level to be 
present in order for the outputs to respond. 

Input Unit Load In the HIGH state it is equal to |, and in the LOW 
state It is equal one half I,. 

Maximum Count The highest number the counter can attain (9 for 
8285 and 15 for 8284). 

Minimum Count The lowest number the counter can attaain (zero 
for both.counters). 

Q,, Q,, Q,,Q, Outputs The four TRUE outputs. 

Q, Output The FALSE output of the most significant bit. 

Reset Input A LOW on this input causes the counter to reset 
asynchronously to zero. Simultaneous Set and Reset LOW is an 
undefined condition. 

Rd Asynchronous direct Reset Input. A LOW on this input causes 
output Q to go LOW. 

Sd_ Asynchronous direct Set Input. A LOW on this input causes 
output Q to go HIGH. 

Synchronous Counter All outputs (flip flops) change state o 
command from the clock. 
T (trigger) Flop Flop The flip flop output changes state on the 
clock pulse when the T input is HIGH. The output remains un- 
changed when the T input is LOW. 

Set Input A low on this input causes the counter to preset asyn- 
chronously to maximum count (9 for 8285 and 15 for 8284). Simul- 
taneous Set and Reset LOW is an undefined condition. 

U/D (Up/Down) Input This input controls the count direction. A 
HIGH for up count and a LOW for down count. 


OPERATIONAL TERMS: 


1,(0”) Forward input load current for unit Input load. 

Input Latch Voltage The breakdown voltage of an input with other 
inputs of the same input transistor grounded. 

Io Output HIGH current forced out of output in Voy test. 

Ip, Output LOW current forced into the output in Vj, test. 

I,(1”) Reverse input load current with V, applied to input. 
Negative Current Current flowing out of the device. 

Output Short Circuit Current The amount of current a HIGH output 
can source when shorted to ground. 

Positive Current Current flowing into the device. 

Power Dissipation The product of the worst case supply current 
and the maximum supply voltage. 

Viq Minimum logic HIGH input voltage. 

V,;, Maximum logic LOW input voltage. 

VoH('1”) Minimum logic HIGH output voltage with output HIGH 
current I,, flowing out of output. 

Vo.(“0") Maximum logic LOW output voltage with output LOW 
current |, into output. 

V, Forward LOW input voltage, for forward input current (I,) test. 
V, Input reverse HIGH voltage applied for input leakage current 
(Ip) test. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level) 


Clock Min ‘1” Interval The minimum clock pulse width required 
for proper counter operation. 

Count Frequency The maximum clock input frequency allowed for 
proper counter operation. 

Release Time The maximum time allowed for the logic level to be 
present at the input prior to the clock transition from HIGH to LOW 
in order for the counter not to respond. 

Set Up Time Minimum time required for the logic level to be 
present at the input prior to the clock transition from HIGH to LOW 
in order for the counter to respond. 

tors (Clock to Out) The propagation delay from the clock signal 
HIGH-LOW transition to an output LOW-HIGH transition. 

ton (Clock to Out) The propagation delay from the clock signal 
HIGH-LOW transition to an output HIGH-LOW transition. 

tors (Set/Reset to Out) The propagation delay from the Set or 
Reset signal HIGH-LOW transition to the output signal LOW-HIGH 
transition. ; 

ton (Set/Reset to Out) The propagation delay from the Set or 
Reset signa! HIGH-LOW transition to the output signal HIGH-LOW 
transition. 

tors (Cl to CO) The propagation delay from the Carry In signal 
LOW-HIGH transition to the Carry Out signal transition. 

toy (Cl to CO) The propagation delay from the Carry In signal 


HIGH-LOW transition to the Carry Out signal RIGH-LOW transition. 2-29 


SWITCHING TIME TEST CIRCUITS/WAVEFORMS 


Clock Q Outputs Propagation Delay (t,,, and torr) 


SET RESET CE Ci U/D 


Wise Fees a 
CP Am8284/8285 co 
Q, 02 03 O4 O ton a | 


VouT~ — — — 


ee 
LOAD PER EACH OUTPUT 


Nar Vin PULSE AMPLITUDE = 2.6V 


PULSE WIDTH = 25 ns AT 1.5V 
FREQUENCY = 5MHz 


Figure 1 


Set/Reset Mode (tp, and tor) 


OUTPUT 


18 pF 
PULSE A AND B 
Er user PULSE AMPLITUDE = 2.6V 
PULSE WIDTH (9) = 25 ns 
FREQUENCY = 5 MHz 
ty = te = 5ns AT 10% TO 90% POINTS 


Figure 2 


Carry In/Carry Out (toy and tor) 


CARRY IN 


CARRY OUT 


‘on-a| ke] LL. tore 
CARRY OUT 


CARRY IN CARRY IN PULSE 
PULSE AMPLITUDE = 2.6V 
PULSE WIDTH (0) = 50 ns 
FREQUENCY = 10 MHz 
ty = te = 5ns AT 10% TO 90% POINTS 


TRUTH TABLES Am8284/85 LOADING RULES 


Input Fanout 
Unit Load Output Output 
Input/Output Pin No.’s LOW HIGH HIGH LOW 


CE 1 
Asynchronous 


Am8284/8285 
Am8284 only 
Am8285 only 


TABLE | 


Input 
Synchronous Set Reset Cl Function 


OlLoOI In! Oi a] &] @!] rw 


= 
oO 


Am8284/8285 No Change 


ek 
—_ 


Am8284/8285 No Change 
Am8284/8285 Count Down 
Am8284/8285 Count Up 


X = Don't Care TABLE II 


ae oe 
hi} a] hy 


MSI INTERFACING RULES 
Equivalent 
Interfacing Input Unit Load 


Digital Family HIGH LOW 
Advanced Micro Devices Series 9300 1 
FSC Series 9300 
TI Series 54/7400 
Signetics Series 8200 
National Series DM 75/85 
DTL Series 930 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 
30 OUTPUT DRIVING (NPUT LOAD 
: "LOW" DRIVEN"LOW" 
w 2.8/- MINIMUM LOGIC 
26h “HIGH” OUTPUT Vv OUTPUT | LOAD 
$ VOLTAGE cc 
2.4 
4 2.2 
> 2.0 
a 1.8 
© 1.6 MINIMUM LOGIC 
E14 “HIGH” INPUT 
ay VOLTAGE 
> 1.2 r 
5 1.0 Ig 
2 08 MAXIMUM LOGIC 
“LOW INPUT 


VOLTAGE 


“LOW” OUTPUT 


0.0 
DRIVING DEVICE DRIVEN DEVICE _ Current Interface Conditions — HIGH 
OUTPUT DRIVING INPUT LOAD 
ej "HIGH" | DRIVEN'HIGH" 
cc 
\ 

Vou Vira 
Vou, Vity 

DRIVING : DRIVEN 

DEVICE DEVICE 
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PHYSICAL DIMENSIONS 
Dual-In-Line 
Hermetic Molded 


Metallization and Pad Layout 
85 x 107 Mils 


Sas : ADVANCED 
: uC ee: MICRO 
a Sa AY DEVICES INC. 

901 Thompson Place 

Sunnyvale 

Calitornia 94086 

(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 . 
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Am9300 


Four-Bit Shift Register 


Distinctive Characteristics: 


e 100% reliability assurance testing including high tem- e Mixing privileges for obtaining price discounts. Refer 
perature bake, temperature cycling, centrifuge and to price list. 
package hermeticity testing in compliance with MIL- e Electrically tested and optically inspected dice for 
STD-883. the assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM/SYMBOL 


The Am9300 Four-Bit Shift Register can be operated in serial 
or parallel shifting modes. Synchronous shift occurs after 
the LOW to HIGH transition of the clock pulse (CP) input. 


An asynchronous Master Reset (MR) input allows the setting 
of the four TRUE outputs to LOW, independent of the state of 
the other inputs. 


The Parallel Enable (PE) input selects the operating mode: 
Serial Shifting (Paralle! Enable—HIGH) 


Data is entered to the register first bit location, Qo, via the J 
and K inputs synchronous with the Clock Pulse (CP). Data is 
shifted on consecutive clock pulses to Qi, to Q:, to Q;, and out 
of the register via Q;. J and K inputs can be operated separately 
or together as shown in Truth Tables | and II. There are no re- 
strictions of the J or K inputs for logic operation (‘ones trap- 
ping” not possible). 


Parallel Shifting (Parallel Enable—LOW) 


The register is operated as four synchonous clocked D-type 
flip-flops as described in Truth Table JI]. The four D flip-flop 
inputs are Po, P:, P2 and P; and the corresponding four TRUE 
outputs are Qo, Q:, Q: and Q;. The FALSE output Q; of bit 
four is also provided. Data is entered synchronous with the 


clock pulse. 
Voc = PIN 16 
GND = PIN8 


Am9300 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Package aah Order 
Type : _ Number 


Molded DIP 7.-£ 75°C... “” U6M930059X 


Hermetic DIP _0°C 1S8C" U7B930059X 
Hermetic DIP. [55°C to+125°C == U7B930051X 
Hermetic Flat Pak:...55°C.to +125°C U4L930051X 
Dice = “» Note 1 UXX9300XXD 


Note 1: The dice supplied will contain units which meet both 0°C to +75°C : 
and —55°C to +125°C temperature ranges. NOTE: PIN 1 is marked for orientation. 


MAXIMUM RATINGS = (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +126°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Ve- max 
DC Input Voltage ~0.5 V to +5.5 V 
Output Current, Into Outputs : 30 mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am930059X T, = 0°C to +75°C Voc ™ 4.75 V to 5.25 V 
Am930051X T, = —55°C to +125°C Vo, = 4.50 V to 5.50 V 


Parameter Description Test Conditions Min Typ (Note 1) Max Units 


Veco = MIN., lo, =—0.48 mMAQ 
V Output HIGH Voltage cc OH Mo.3 
Vo 
Vin 
Viv 
Nit 
Isc 
lec 


Vee = MIN., IE. = 16MA 
Output LOW Voltage ce TOL 
Vin = Vin OF Vic 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 


Input LOW Level Guaranteed input logical LOW 


Pe | voltage for all inputs 
Unit Load 
Veco = MAX., Vy = 0.4 V 
Input LOW Current ce o 


Unit Load — 

= a =24V 
Input HIGH Current Mees Meee 
Input HIGH Current Veo = MAX., Vin = 5.5 V 


Output Short Circuit Current Voc = MAX., Voy, = 0.0 V 


Power Supply Current puniecos 
Am930059X 


Notes: 1) Typical limits are at Voc = 5.0 V, 25°C ambient and maximum !oading. 
2) Actual input currents are obtained by multiplying unit load current by the input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS (r, = 25°c) 


Parameters Description Test Conditions Min Typ Max Units 
t Turn Off Delay (Cl 

urn Delay (Clock to Q HIGH) Veo = 5.0V, C, = 15 pF 
$ 


Turn On Delay (Clock to Qy.. LOW) 
ee Turn On Delay (Clock to Q, LOW) 
| cP,, | Min. Clock Pulse Width 
ge | HIGH DataSet Tine Kor 
tow | LOW Data Sotp Tine Ror F) | 


Min. Reset Pulse Width 
Maximum Shift Right Frequency Vee = 5.0 V, C, = 15 pF 


Note: The ‘‘set-up time’’ is defined as the time required, relative to the clock, for a LOW to HIGH edge (tsH) or a HIGH to LOW edge (tsL) to propagate 
through internat delays. Logic transitions occurring before ts max are guaranteed to be detected; those occurring after ts min. are guaranteed 
not to be detected. Transitions between ts max and ts min. may or may not be detected. The minimum set up time for a LOW is sometimes called 

2-34 the "release time" for a HIGH. 


‘EFINITION OF TERMS 


‘UBSCRIPT TERMS: 


HIGH, applying to a HIGH logic feve! or when used with Vcc 
» indicate high Vcc value. 


Input. 


LOW, applying to LOW logic level or when used with Vcc to 
dicate low Vcc value. 


Output. 


UNCTIONAL TERMS: 


p input Asynchronous direct clear input. 
Input The logic input for the D-type flip-flop. 


-Type Flip Flop A delay memory element having a single input 
nd an output equal to the input one bit-time earlier. 


an-Out The logic HIGH or LOW output drive capability in terms 
f Input Unit Loads. 


iput Unit Load One T’L gate input load. In the HIGH state it is 
qual to I, and in the LOW state it is equal to I,. 


€ Flip Flop Properties similar to an RS Flip Flop except that 
= K = 1 is allowed. Refer to Truth Table I. 


K Inputs The logic inputs for setting the Q, flip flop of the 
igister in the JK Mode. Refer to Tables | and I. 
'‘R Input The master reset input. 


E Input The input for selection of parallel or serial shifting of the 
igister. Parallel Enable (PE) LOW selects parallel shifting operation. 


» P|, P,, P; Inputs The inputs for data entry into the four synchro- 
dus clocked D-Type Flip Flops. Refer to Table Ill. 


 Q,,Q,,Q, Outputs The four outputs of the 9300 register flip 
>ps. 

o (t,) The output after the n’th clock pulse. 

o (t,4.,) The output after the (n+ 1) clock pulse. 

; Output The inverter output of the Q, register flip flop. 


PERATIONAL TERMS: 


_ Forward input load current, for unit input load. 

4 Output HIGH current, forced out of output in V,), test. 
, Output LOW current, forced into the output in V,, test. 
, Reverse input load current with V.,, applied to input. 


PERFORMANCE CURVES 


Input Characteristics 


Input Current Versus Input Voltage 


cP 


Negative Current Current flowing out of the device. 
Ice ‘The power dissipated within the circuit with input and output 
terminals open. 


Positive Current Current flowing into the device. 


Vi, Minimum logic HIGH input voltage. Refer to figure 4. 

Vi, Maximum logic LOW input voltage. Refer to figure 4. 

Voy Minimum logic HIGH output voltage with output HIGH 
current Io, flowing out of output. 

Vo, Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level) 


CP Clock Pin, pulsed. The subscript, if any, refers to pulse wave- 


shape. 
CP. The minimum clock pulse width required for proper register 


operation. 
f,, The shift right frequency of the register. 


MR, The minimum pulse width for resetting the register flip-flops. 
t.g- The propagation delay from the clock signal LOW-HIGH 
transition to an output signa! HIGH-LOW transition. 

tray The propagation delay from the clock signal LOW-HIGH 
transition to an output signal LOW-HIGH transition. 

t.g_ (MR) The propagation delay from the master reset signal 
HIGH-LOW transition to the TRUE output signal HIGH-LOW transi- 
tion. Refer to Figure 2. 


t...(MR) Recovery time for MR defined as the minimum time re- 
quired between the end of the reset pulse and the clock transition 
from LOW to HIGH in order for the flip flop(s} to respond to the 
clock. 


t, Set-up time defined as the time required for the logic level to be 
present at the data inputs prior to the clock transition from LOW 
to HIGH in order for the flip flop(s) to respond. Good data should 
be present at all times between t, max and t, min. 


t,(PE) Set-up time for the Parallel Enable is defined as the 
time required for the logic fevel to be present at the Parallel 
Enable (PE) prior to the clock transition from LOW to HIGH in order 
for the flip flop(s) to respond. 


MR, J, K, P,, P,, P,, & P; 


Ta = 25°C 
ae | . < 
€ E 
eee | | : 5 
2 2 
© 1.5 } z 
Fa SPEC LIMIT J 2 
 -2.0 (Ve lp) ns | 
2 egal 2 
2.25 Veo = 6. : =a | 
Bs ' SPEC LIMIT (V¢ Ip) ll 
=.3.0 | 930059X — 1 
f Vcc = 5.25V | 
-3.5 LU 1 1d 6. U 
-1.0 0 1.0 2.0 3.0 “1.0 i) 


Vin — INPUT VOLTAGE - VOLTS 


1.0 
Vin — INPUT VOLTAGE ~ VOLTS 


Ta = 25°C 

zt 0.4 

E z= 

bE oS 

a 08 id + 

i WN SPEC LIMIT 

yet (Ve le) 

cs) 5 __930051X 

bt 12 Vcc = 5.5V 

=) 

2 

= | SPEC LIMIT 
1.6 (Vg Ip) 

= I 930059X_ 

Vcc = 5.25V 
-2.0 1 
2.0 3.0 1.0 0 1.0 2.0 3.0 


Vin7!NPUT VOLTAGE—VOLTS 


2-35 


2-36 


Output Characteristics 


Output Current Versus Output Voltage 


Low State 


louT — OUTPUT CURRENT — mA 


Vout — 


SPEC LIMIT 
(Voclou 

930059X 

Vocz4.75V 


04 O06 08 10 1.2 
OUTPUT VOLTAGE — VOLTS 


Switching Characteristics 


Turn On Delay 


Clock To Q, 


Output Vs inion 


o 
c 

| 
‘ 
w 
a 
z 
9 
= 
< 
< 
o 
9° 
c 
a 

| 

1 
2 


“65 -35 


eee 
Mee 
ASS 


A 
72a 
traipee pal 
93005: [A | || 
poet telat 


-15 +5 25 45 65 85 105125 
TEMPERATURE ~ °C 


SWITCHING TIME WAVEFORMS 


at least 


at least 
CPpw 


TTT TTT 
LETLETTTLELS 


KAYA 
NVVWVVVVVVVV\"\ 


I* tod— MAX 


(Q,, Q,, Q;, Q;) 


tod + — PROPAGATION DELAY — ns 


-& F SPEC LIMIT 


High State 


(Vou, !ow) |_| : 
930051X 


f 
10 Tvec=45v ] aS 
bw 


& 


!oUT — OUTPUT CURRENT — mA 


10 2.0 4.0 5.0 
are OUTPUT veberce= VOLTS 


Turn Off Delay 
Clock To Q, 
Output Vs Temperature 


$5 -35-15 5 25 45 65 85 105125 
TEMPERATURE-°C 


AT LEAST 
trec (MR) 


TRUTH TABLES 


Serial Shift (Parallel Enable — HIGH) 
K Input — Active LOW 


aes 


a (t,) no change 
Q, (t,) toggle 
H 


Table I! 


Parallel Shift (Parallel Enable — LOW) 


Output Q (t,, ,) 
(Q,, Q;, Q, or Q;) 


D-Input 
(Py, P,, P, or P;) 


Table III 


Mode Selection 


Refer to 


Parallel Shift | L |RefertoTablelll] X xX | H | 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


Am9300 LOADING RULES (in unit loads) 
Output Drive (Note) 


Output Output 
HIGH LOW 


input 
Pin No.’s Unit Load 


1 


Input/Output 


Orn! OD] a] & i] @/] wh 


© 


15 — 
Vez 16 _ 


Note: 10 loads are allowed on any output, but the total 
number of loads on all outputs must not exceed 30. A unit 
load is defined as 40zA at 2.4V and 1.6mA at 0.4V, 


MSI INTERFACING RULES 
Equivalent 


Input Unit Load 
HIGH LOW 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 

TI Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


Interfacing 
Digital Family 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HIGH" INPUT 
VOLTAGE 


(IMMUNITY 
(High tevet} 


Vit 
2 
MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


NOISE 
IMMUNITY 
(Low level) 


Current Interface Conditions —- LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” " DRIVEN*LOW* 


GND = 


Current Interface Conditions — HIGH 


OUTPUT DRIVING INPUT LOAD 
“HIGH* DRIVEN*HIGH* 


DRIVING DEVICE 


DEVICE 


DRIVEN DEVICE 


DEVICE 


Figure 4 
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SWITCHING TIME & SHIFT RIGHT FREQUENCY TEST CIRCUIT 


Voc = +5.0V 


Pulse Generator Output 
1. Switching Time (toast 
Rise Time <15 ns 
Fall Time <15 ns 
Amplitude  4V 
Freq. = 2 MHz with pulse width 


& toa Tests 


Po Py Po Pg 


Am9300 


adjustment so that Vijyy has 
duty cycle of approx. 50%. 


2. Shift Right Frequency Test 
Rise Time <15 ns 
Fall Time < 15 ns 
Amplitude = 4V 
Freq. = 15 MHz with pulse width 
adjustment so that VIN has 
duty cycle of approx. 50%, 


Cy inctudes 
probe and jig 
capacitance 


Vout Vout Vout Vout Vout 


Figure 5 


PHYSICAL DIMENSIONS 
Dual-In-Line \ 
Hermetic Molded 


Bio 
760 Sri 300 
74 10 288 290 
‘oi 740 9 338 = 280 
MIN 
.200 
MAX. 
O11 
oa 009 
.100 375 
070, 119 023 [7.325 
040 -030 018 


16 Voc 
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Am93L00 


Low-Power Four-Bit Shift Register 


Distinctive Characteristics 
e 100% reliability assurance testing in compliance with 
® 75 mW typical power dissipation MIL STD 883 


¢ 10 MHz typical shift rate e Fully synchronous shifting and loading 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am93L00 is a four-bit universal register consisting of 
four D-type master-slave flip-flops. The flip-flops are all 
clocked by Cp, accepting data into the masters when Cp is 
LOW and transferring data to the slaves when Cp is HIGH. 


The outputs of the four flip-flops are Qo, Qi, Q., and Q;. A 
complemented output of Q; is also provided. Data enters the 
flip-flops synchronously from either of two sources, depend- 
ing on the state of the parallel enable (PE). When PE is 
LOW, then each flip-flop accepts data_from its corresponding 
P input (Po, Pi, Pz, and P;:). When PE is HIGH, a right shift 
occurs, with the last three flip-flops accepting data from 
the flip-flops on their left and the first flip-flop accepting data 
via the J and K inputs. The J and K inputs may be tied 
together to form a single D input to the first stage. A syn- 
chronous master reset (MR) forces all flip-flops to the “0” 
state (outputs LOW) regardless of any other inputs. 

The 93L00 may be used as a parallel to serial converter, a 
serial to parallel converter, a left/right shift register (by tying 
Q, to P,-1), a four-bit counter, or as four D flip-flops. 


LOGIC SYMBOL 


LOADING RULES 
In Unit Loads (Notes) 


TTL Loads 93L Loads 
Input Loading HIGH LOW HIGH LOW 
J, K, Po, P;, P., P3, MR 1.0 
C, 2.0 
PE 1.15 0.575 2.3 
Output Drive LOW 
All Outputs 12 
NOTES: 


1) A TTL unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 
HIGH. 

2) A 93L unit load is specified as 0.3 V at —400 vA LOW, 2.4 V at 20 wA 
HIGH 


3) Enough output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a Vo of 0.3 V. 


Am93L00 ORDERING INFORMATION 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Package Temperature Order Storage Temperature —65°C to +150°C 


Type Range Number rz, ture (Ambient) Under Bt 

a —55°Ct 125°C 

16-Pin Molded DIP 0°Cto+75°C  _U6M93L0059X SE : si 
16-Pin Hermetic DIP 0°C to +75°C __ ».*2U7B93L0059X Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
16-Pin Hermetic DIP —55°C to +125°C** U7B93L0051 xX DC Voltage Applied to Outputs for High Output State ~0.5 V to +Voo max 

16-Pin Hermetic FlatPak —55°C to#4:425°C U4L93L0051X DC Input Vol —0.5V 

Dice ote oh UXX983L00XXD nput Voltage 0.5 Vto +5.5V 
ab Output Current, Into Outputs 30 mA 


DC Input Current (Note 1) —30 mA to +5.0 mA 


Note: The dice supplied: will contain “units which meet both 0°C to +75°C 
and C..t0, + 125°C temperature ranges. 


Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am93L0059X T, = 0°C to +75°C Voc = 4.75 V to 5.25 V 
Am93L0051X T, = —55°C to +125°C Vo, = 4.50 V to 5.50 V 
Parameters Description Test Conditions Min. Units 


Veo = MIN., Io = —0.36 mA 


Output HIGH Voltage Volts 
Vin = Vin Or Vit 
Veco = MIN., Io, = 4.92 mA 

Output LOW Voltage cc 1 OL Volts 
Vin = Vin OF Vit 


Guaranteed input logical HIGH 
voitage for all inputs 


Input HIGH Level 


Guaranteed input logical LOW 


Volts 
voltage for all inputs 


Input LOW Level 


93L Unit Load 
lbte 2 __| input LOW Current Yee“ MAK Vy=osv | 
93L Unit Load 
Ven = MAX., Vig = 2.4V A 
(Note) Input HIGH Current Veco = MAX,, Vin = 5.5 V | al 


Output Short Circuit Current 
Power Supply Current 


Veo = MAX., Voy; = 0.0 V 


Notes: 1) Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. . 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS (1, = 25°c) 
Parameters Description Test Conditions Min Typ Max Units 


Turn Off Delay (Clock to Q, HIGH) 
Turn On Delay (Clock to Q, LOW) 
Min. Clock Pulse Width 

HIGH Data Set-up Time (J, K, or P) 


LOW Data Set-up Time (J, K, or P) 


Set-up Time for PE 
Reset Time (MR to Q, LOW) 
Recovery Time for MR 


Note: The ‘‘set-up time” is defined as the time required, relative to the clock, for a LOW to HIGH edge (tsH) or a HIGH to LOW edge (tsL) to propagate 
through internal delays. Logic transitions occurring before ts max are guaranteed to be detected; those occurring after ts min. are guaranteed 
not to be detected. Transitions between ts max and ts min. may or may not be detected. The minimum set up time for a LOW is sometimes called 
the “release time”’ for a HIGH. 


SWITCHING TIME WAVEFORMS 


at least 


; CPow rele 
cP ———- —_—_. ———_— ——_—_—_—————— —- ——————_ 1.5V 
: at least 
——o 


CPow 


et MAX tsH MAX 
tSH MIN tsi MIN 


we AAMWAAAN PPP NAN\AN 
VANAMAAMA APA PTTTTTT TTT KAMAN 


ts (PE) ts (PE) AT LEAST 
MAX MAX 
MIN——~| MIN 


trec (MR) 
y 


~ WW AV AVAVAVAVAVAVAVAVAVAY AY A 
’ 


re if 
VA AWWA AVY 


vu 
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Am9301 


Demultiplexer/One-of-Ten Decoder 


Distinctive Characteristics: ¢ 100% reliability assurance testing in compliance with 
MIL-STD-883 

SE Se De clyD Cen Pl opaganon delay © Can be used as one-of-eight decoder with active LOW 

e Does not respond to codes above 9 enable 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am9301 Demultiplexer/One-of-Ten Decoder accepts four 
active High BCD inputs and selects one-of-ten mutually ex- 
clusive active LOW outputs as shown in Truth Table Il. The 
logic design of the 9301 insures that all outputs are HIGH 
(unselected) when binary codes greater than nine are ap- 
plied to the inputs. The inputs Ao, A:, Az, and A; of the 9301 
correspond to the respective binary weight of 2°, 2', 2?, and 2’. 


Incoming data on input A;, can be demultiplexed to either of 
the eight outputs, zero through seven, with binary addressing 
at inputs Ao, Ai, and A, This demultiplexing capability is 


illustrated in figure 5. 
131211109 3 4 5 6 7 


The most significant input, A:;, produces an inhibit function 

when the 9301 is used as a 1-of-8 decoder with binary add- 

ressing at inputs Ao,/A,, and A,. The 1-of-32 decoder, in figure V-. = Pin 16 
6 illustrates the inhibit function. Gnd = Ping 


LOGIC DIAGRAM 


ADDRESS 


Am9301 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 
Sout Tout 2out 3out Jour 
Package Temperature 
Type Number 

16-pin Molded DIP to +75°C*"  U6M930159X 
16-pin Hermetic DIP °C:to.+75°C», 2 ~U7B930159X 
16-pin Hermetic DIP a U7B930151X 
16-pin Hermetic Flat. ake, £C:to" - U4L930151X 
ee . UXX9301XXD 


Note: The dice supplied will contain units which meet both 0°Cto +75°C and A243 Sout Sout 7ouT Sour 9ouT GND 


-§5°C to +125°C temperature ranges. : 
NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential! (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc¢ max 
DC Input Voltage , —0.5 Vto +5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


930159X TT, =0°C to +-75°C Veg 5.0 V £5% 
930151X T,=-—55°C to4+125°C = VV. =5.0 V 10% 
Parameters Description Test Conditions Min. Typ. (Note 1) Max, Units 


Vee = MIN., Ioy = —0.8 mA 
Vin = Vig OF Vit 


Vec = MIN., lo. = 16.0 mA 
Vin = Vin Or Vit 


Output HIGH Voltage Volts 


Output LOW Voltage 


Input HIGH Level 


Input LOW Level 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


Unit Load 
Input LOW Current 


Unit Load 
Input HIGH Current 


Input HIGH Current 
Output Short Circuit Current 


Power Supply Current 930151X 


Notes: 1) Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 


2) Actual input currents are obtained by multiplying unit load current by input load factor (see Loading Rules). 


Vec = MAX., Vin = 0.4 Vv 


Veco = MAX., Vin = 2.4 V 


Viv 
{Note 2) 


Veco = MAX., Vin = 5.5V 
Voc = MAX., Voy; = 0.0 V 


Switching Characteristics (+25°C) 


Parameters Test Conditions Min Typ — Max Units 


Turn Off Delay Voc = 5.0, C, = 15 pF 
Turn On Delay Refer to figure 4. 


Note t. Maximum current defined by DC Input Voltage. 
2. Pulse tested. 


PERFORMANCE CURVES 


Input/Output Characteristics 


Input 


Low State 


0.5 
tarzve| | | | TT | 
ea 
‘os TYPICAL A 


Voo* 5.5V 
ee NA ae 
LT | 
SPEC LIMIT (Ve Ip) 

AS | Le 4 930159X * 

tT ee 

el dette 
25 ‘930151x * 

| | Vecrb.5V Pal 
3515-0 ~~41.0~—2.0~S~S~*S«S~«O Oo De 


Vin = INPUT VOLTAGE - VOLTS 


liy- INPUT CURRENT - mA 
lgyt - OUTPUT CURRENT - mA 


Switching Characteristics 


Turn On Delay Time 


930159X 


BRHaEG 
De SER ee 


tog TURN ON DELAY - ns 


Voc = 5.0V 
Cy = 15 pF 


t) 
*55 -35-15 5 25 45 65 85105 125 
Ta-AMBIENT TEMP-°C 


1EFINITION OF TERMS 


UBSCRIPT TERMS: 


HIGH, applying to a HIGH-signal level or when used with Voc 
indicate high Vcc value. 

Input. 

LOW, applying to a LOW signal level or when used with Vcc< to 
idicate low Vc value. 

Output. 


UNCTIONAL TERMS: 


CD Binary coded decima! notation represents each of the ten 
acimal digits by a code consisting of a group of four (4) binary 
igits. 

lecoder/Demultiplexer On the basis of an applied instruction, 
hannels of communication are selected which connect certain 
ources of information to certain destinations e.g., the distribution 
f timing signals; the interconnection between arithmetic registers. 


an-Out The logic HIGH or LOW output drive capability in terms 
f Input Unit Loads. 


Init load = One T’L gate input load. In the HIGH state it is equal to 
OuA at 2.4V and in the LOW state it is equal to —1.6mA at 0.4V. 


0 


Vout = OUTPUT VOLTAGE - VOLTS 


Output 
High State 


SPEC LIMIT 
5.0 ‘Vou on) 
930151x 


SPEC LIMIT 
“or, 'ov) 


930159X 


IOUT -- OUTPUT CURRENT — mA 
ny 
o 


380-0 10 3.0 5.0 7.0 9C 


Vout = OUTPUT VOLTAGE - VOLTS 


0.5 1.0 1.5 


Turn Off Delay Time 


SPEC LIMIT 
“930151X 
930159X 


ana 
AT |. 


togt - TURN OFF DELAY - ns 


5-35-15 5 25 45 65 85 106125 
Ta: AMBIENT TEMP - °C 


OPERATIONAL TERMS: 
Io4 Output HIGH current, forced out of output in Vo), test. 


Ig, Output LOW current, forced into output in Vo, test. 

log The current drawn by the device under a +5.0 V power supply, 
bias input terminals grounded and output terminals open. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. 

Vii Maximum logic LOW input voltage. 

Voy Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 


Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: (All switching times are measured at the 1.5V 
logic Sevel). 

tay The propagation delay measured from the input address 
transition to a corresponding output signal LOW-HIGH transition. 


tig The propagation delay measured from the input address 
transition to a corresponding output signal HIGH-LOW transition. 2-43 


MsI INTERFACING RULES LOADING RULES 


Equivalent Fanout 
Interfacing Input Unit Load Input Output Output 
Digital Family HIGH LOW _ Input/Output Pin No.’s Unit Load HIGH LOW 


Advanced Micro Devices 9300/2500 Series 1 1 1 
FSC Series 9300 1 
Advanced Micro Devices 54/7400 Series —_ 
TI Series 54/7400 
Signetics Series 8200 
National Series DM 75/85 
DTL Series 930 


. INPUTS 
A. A: A: 


OLOIn (| oO] al; ril a] ry 


TRUTH TABLE 


Pd 
—_ | st 
=|o 


[rer rete sr arse sr 
IterIrIe rsa rss 
Leer erraass coer 
ee os cate pe is ie ol ae el a 
fl mofo ie me Me ele ie tea oe cM ce oF 
fie wih ol hn ino ole oA eas wan ca bao 
ols sie cig oe een caf onal i rg oo Aen be le a 
ofa io i ois ci es ol aie mg oe i web wb ks Bs a 
i isin oe om ol eis ee wt lpn wa oe ew ol ws i 


Logic Level 
W Logic Level 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
"LOW" DRIVEN'LOW" 


OUTPUT LOAD 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High tevel) VOLTAGE 


Vit 

2 

MAXIM 

“LOW” OUTPUT. : MAXIMUM LOGIC 
VOLTAGE io) 4 “LOW” INPUT 


VOLTAGE Current Interface Conditions — HIGH 


OUTPUT/iNPUT VOLTAGE LEVELS — VOLTS 


IMMUNITY 


Low level! OUTPUT DRIVING INPUT LOAD 
DRIVING DEVICE DRIVEN DEVICE "HIGH" DRIVEN'HIGH" 


Vou, 
Vou, 


DRIVING DRIVEN 
DEVICE DEVICE 
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SWITCHING TIME TEST CIRCUITS & WAVEFORMS 


Am 9301 
OEMULTIPLEXER 
ONE-OF-TEN DECODER 


PULSE GEN CHARACTERISTICS 2.93 4 5 6 7 8 9 
FREQ = 1 MH, 
PULSE WIDTH = 100ns 
u = tf < 15ns 
AMPLITUDE = 4V 


* 

c 
PIN 16 = 5V T L 
* INCLUDES ALL PROBE AND JIG CAPACITANCE PIN 8=GND “= 


BASIC DEMULTIPLEXER/DECODER APPLICATIONS 


DIGITAL DEMULTIPLEXER 


ADDRESS | OUTPUT 
Ag Ay Ag LINE 


ADDRESS 


1/10 DECODER 
Am9301 


0.60 
1 0 
Qo 1 
1 91 
60.60 
1 0 
01 
1°61 


~a-w =-0000 


NO OaWNH=$O 


Xq X41 Xz Xz Xq Xs Xq X7 Xq Xy 
Data may be routed from a source to any of eight (0-7) out- 


puts by addressing that output. The seven non-addressed out- 
puts remain clear. 


Figure 5 
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ADDITIONAL APPLICATIONS 


ONE-OUT-OF-THIRTY-TWO DECODER 


ADDRESS 


GND STROBE Z 


Ay A2 


1/10 DECODER 
Am9301 


1/10 DECODER 
Am9301 


1/10 DECODER 
Am 9301 


1/10 DECODER 
Am 9301 


0123 4 5 6 7 8 9 10 11 12 13 14 15 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31 


Figure 6 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic 


A214 15 Ag 

A3 2 14 Aq 
‘ed cee ON MIGRO 
sour ee DEVICES INC. 
Sout 9 4ouT California 94086 


(408) 732-2400 
TWX: 910-339-9280 
75 x 79 Mils TELEX: 34-6306 


2-46 
Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.| 


Am93L0O1 


Low-Power Demultiplexer/One-of-Ten Decoder 


istinctive Characteristics 


¢ 100% reliability assurance testing in compliance with 
45 mw typical power dissipation. MIL STD 883 


50 ns typical propagation delay. ¢ Fan-out of three to standard TTL circuits. 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am93L01 low-power decoder accepts a four-bit binary 
address and selects one-of-ten mutually exclusive active LOW 
outputs. The outputs are designated by the decimal equiva- 
lent of the binary code which selects them. Non-selected 
‘ outputs are HIGH, and if the input code is greater than nine 
all outputs are HIGH. 


Since codes greater than nine do not select any output, the 
93L01 can be used as a one-of-eight decoder with an enable. 
The three-bit code is applied to inputs Ao, Ai, and Az. If A; is ADDRESS 
LOW, one of the outputs 0 through 7 will go LOW; if A; is 
HIGH, then either output 8 or 9,or none of the outputs will 
go LOW. Hence, input A; becomes an active LOW enable for 
a one-of-eight decoder. The device can also be used as a 
demultiplexer by applying data to input A; and an address to 
inputs Ao, Ai, and A: The addressed output will follow: the 
data on A;. 


LOADING RULES 
In Unit Loads (Notes) 


TTL loads 93L loads 
Input loading HIGH LOW HIGH LOW 
All Inputs 1.0 1.0 
Output Drive LOW HIGH LOW mieeccenes 
All Outputs 12 12 Am93L01 
NOTES: 
1) ets unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 
2) et 93L unit load is specified as 0.3 V at —400 vA LOW, 2.4 V at 20 uA 1312111093 46567 Voc = PIN 16 
GH. GND = PIN8 


8) eroah output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a V_, of 0.3 V. 


Am93L01 ORDERING INFORMATION MAXIMUM RATINGS (Above which the useful life may be impaired) 
. xO Storage Temperature —65°C to +150°C 
ox® Temperature (Ambient) Under Blas —55°C to +125°C 
Package Tomperaiagei Order Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —-0.5Vto +7V 
Type Number - OC Voltage Applied to Outputs for High Output State —0.5 V to +Vc_ max 
1ePin Molded DIP gore none UsM9al 0159X DG Input Voltage OSV to +5.5V 
lepin Hermetic DID. © Tissear 25°C U7B93L0151X seal ack = 
16-Pin Het Flacia %Cto+125°C U4L93L0151X DG Input Current’ (Noe 1) de li sehacis Ecce Ll 
Digae So Note UXX93L01XXD 


Note: The dice supplied will contain units which meet both 0°C to : ; 
+75°C and —55°C to +125°C temperature ranges. Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L0159X T, = 0°C to +75°C Veg = 4.75 V to 5.25 V 
Am93L0151X_ T, = —55°C to +125°C Vo = 4.50 V to 5.50 V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. 


Vec = MIN., lo = —0.4 mA 
Output HIGH Voltage cc "OH 
[Output GH votege Vin = Vin OF Vie 


Units 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
93L Unit Load 
Veco = MAX.,, Vin = 0.3 V 


93L Unit Load 
= MAX,, Vin = 2.4V 
lia Input HIGH Current Vee IN 


Voc = MIN., 1, = 4.92 mA 
V Output LOW Voltage ¢c > OL 
Vin = Vin OF Vit 
! 


ete?) Input HIGH Current Voc = MAX., Vin = 5.5 V 
Output Short Circuit Current Voc = MAX., Voyt = 0.0 V 


Power Supply Current Vec = MAX. 


Notes: 1) Typical limits are at Vo, = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS (r, = 25°c) 


Parameters Description Test Conditions Min. 


Typ. Max. 
ae Delay Address to Output HIGH Veco = 5.0 V 48 65 
toa Delay Address to Output LOW C, = 15 pF 50 70 


SWITCHING TIME WAVEFORMS 


Units 


ns 
ns 


ADVANCEL 
MICRC 


DEVICES INC 
901 Thompson Place 


Sunnyvale 


California 9408¢ 
(408) 732-2406 


TWX: 


910-339-9286 


TELEX: 34-630€ 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product 


Am9304_ 


Dual Full Adder 


listinctive Characteristics: 100% reliability assurance 
esting including high-temperature bake, temperature 
ycling, centrifuge and package hermeticity testing in 
‘ompliance with MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am9304 Dua! Full Adder is two carry dependent sum full 
adders. tn ripple-carry applications the propagation delay has been 
minimized. Adder FA2 has provision for active HIGH or active 
LOW inputs, The adders produce a LOW carry and both LOW 
and HIGH sum with active HIGH inputs. A HIGH carry and HIGH 
& LOW sum are produced when active LOW inputs are used. This 
duality is shown in .the logic symbols. The Am9304 is also a 
logically powerful gating element as illustrated under applications. 
The logical representation of the Am9304 is shown in Truth Tables 
land II. 


Mixing privileges for obtaining price discounts. Refer 
to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


LOGIC SYMBOLS 


12. 15 131 14 12. 15 131 14 


c 8 A 
Am9304 FA1 Am9304 FA2 


Cg 
O 


Veg = PIN 16 
GND = PINS 


LOGIC DIAGRAM 


Adder 1 


Ay 


Am9304 ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 
Molded DIP 0°C to +75% U6M930459X 


Hermetic DIP U7B930459X 
Hermetic DIP U7B930451X 
Flat Pak U4L930451X 

e" UXX9304XXD 


Dic 


Note: The dice supplied will contain units which meet both O0°C to 
+75°C and —55°C to +125°C temperature ranges. 


CONNECTION DIAGRAM 
Top View 


NOTE: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°( 
Temperature (Ambient) Under Bias —55°C to +125°¢ 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5 V to +7\ 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Ve> ma: 
DC Input Voitage —0.5 V to +5.5' 
Output Current, Into Outputs for Low Output State 30 m: 
DC Input Current —380 mA to +5.0m 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am930459X_ T, == 0°C to +75°C Veo = 5.0 V 5% 

Am930451X T, =—55°C to +125°C Vo, =5.0V +10% 

Parameters Description Test Conditions Min Typ (Note 1) Max Units 


Vee = MIN., lou = —0.8mMA S,S 
Vv Output HIGH Voltage cc » "OH ’ = 
ua Vin = Vin or Viur lon = 0.56 mA C : Cc 


Veco = MIN., Io, = 16.0mA S,S 
Output LOW Voltage cc "OL ~~ 
? 9 Vin = Vin OF Vis lop = 11.2 mA C,C 


fl 
Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Vie Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Current 


Unit Load 
= ” = 2.4 
Iq (Note 2) Input HIGH Current Veco = MAX., Vin = 2.4 V 


Input HIGH Current Veco = MAX., Vin = 5.5 V 


Ver = MAX. 
! Output Short Circuit Current ec : 


A,,B, (Pins, 13, 14 =0.0V) 
Vee = MAX. 


Power Supply Current 


Notes: 1) Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


SWITCHING CHARACTERISTICS (Ta = 25°C) 
Parameters Description Test Conditions Min. Typ. Max. 


Vcc = 5.0V, CL = 15 pF 


Units 


)EFINITION OF TERMS 


UBSCRIPT TERMS: 
Forward, applying to LOW inputs. 


HIGH, applying to a HIGH logic level or when used with Veg to 
idicate high Vcc value. 


Input. 


LOW, applying to LOW logic level or when used with Vcc¢ to 
dicate low Vcc value. 


Output. 
Reverse, applying to HIGH inputs. 


UNCTIONAL TERMS: 
» B, Inputs The TRUE data inputs for Adder FA1. 


» A,, B,, B, Inputs The TRUE and FALSE data inputs for Adder 
A2. 


a C, Inputs The Carry or 3rd data input for Adders FA1 and 
A2. 


o, Output The FALSE Carry Output for Adder FA1. 
o2 Output The TRUE Carry Output for Adder FA2. 


an-Out The logic HIGH or LOW output drive capability in terms 
* Input Unit Loads. 


put Unit Load One TL gate input load. In the HIGH state it is 
qual to I, and in the LOW state it is equal to I;. 


ipple Carry Parallel Adder The sum of two binary numbers is 
irmed one bit time after the presence of these data at the adder 
puts. The bit time is chosen to allow the carry term to propagate 
om the least significant addition to the most significant addition. 
efer to Figure 


1» S, Output The TRUE Sum Outputs for Adders FA1 and FA2. 
» 5, Output The FALSE Sum Outputs for Adders FA1 and FA2. 


PERATIONAL TERMS: 
Forward input load current, for unit input load. 
44 Output HIGH current, forced out of output in Vo), test. 
1, Output LOW current, forced into the output in Vo, test. 
Reverse input current with V, applied to input. 
p The current drawn by the device under maximum power supply 
perating voltage and current conditions. 
egative Current Current flowing out of the device. 
ositive Current Current flowing into the device. 


. Forward LOW input voltage, for forward -input current (1,) test. 
in Minimum logic HIGH input voltage. 


i, Maximum logic LOW input voltage. 


ox Minimum logic HIGH output voltage with output HIGH current 
1H flowing out of output. 


Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 

V, Input reverse HIGH voltage applied for input leakage current, 
(Ip) test. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level) 


tg4 (CC) The propagation delay measured from the Carry Input 
signaf transition of either adder to the corresponding LOW-HIGH 
transition of the Carry Output signal. 


tog (CC,) The propagation delay measured from the Carry Input 
signal transition of either adder to the corresponding HIGH-LOW 
transition of the Carry Output signal. 


toa4(A,S,) The propagation delay measured from Adder 1 AorB 
Data Input signal transition to the LOW-HIGH transition of the 
FALSE Sum Output signal. 


toa(A,S,) The propagation delay measured from Adder 1 AorB 
Data Input signal transition to the HIGH-LOW transition of the 
FALSE Sum Output signal. 


tea (A,S,) The propagation delay measured from Adder 1 AorB 
Data Input signal transition to the LOW-HIGH transition of the 
TRUE Sum Output signal. 


pa lA, S,) The propagation delay measured from Adder 1 AorB 
ae Input signal transition to the HIGH-LOW transition of the 
TRUE Sum Output signal. 


toa; (A2S2) The propagation delay measured from Adder 2 AorB 
FALSE Data Input signal transition to the LOW-HIGH transition of 
the TRUE Sum Output signal. 


toa (A,S,) The propagation delay measured from Adder 2 AorB 
FALSE Data Input signal transition to the HIGH-LOW transition of 
the TRUE Sum Output signal. 


tha+(A, Ss. 2) The propagation delay measured from Adder2 AorB 
Data Input signa! transition to the HIGH-LOW transition of the 
FALSE Sum Output signal. 


tig—(A, S,) The propagation delay measured from Adder 2 AorB 
Data Input signal transition to the LOW-HIGH transition of the 
FALSE Sum Output signal. 


thay (A, S,) The propagation delay measured from Adder 2 AorB 
Data Input signal transition to the LOW-HIGH transition of the 
TRUE Sum Output signal. 


t,4_(A,S,) The propagation delay measured from Adder 2 AorB 
Data Input signal transition to the HIGH-LOW transition of the 
TRUE Sum Output signal.’ 


PERFORMANCE CURVES 
Input Characteristics 
Input Current Versus Input Current Versus 


Input Voltage input Voltage 
Pins 1, 2, 3, 4, 12, 15 Pins 13, 14 


CTC eae, 
Sane 


Te aa LIMITS (Ve, 


SPEC LIMITS (Ve, If) 
Am930459X 
Vec =5.25V 
Am930451X 


iy — INPUT CURRENT — mA 
I — INPUT CURRENT — mA 


10 20 30 40 “4. i 20 30 
— INPUT VOLTAGE — VOLTS Vin — INPUT VOLTAGE ~ VOLTS 


Output Characteristics 


Output HIGH Current Output LOW Curent 
Versus Output Voltage Versus Output Voltage 


SPEC LIMITS 
(Vou lou 
Am930459X 


L~}~ TYPICAL 
Voc = 5.0V 


on ee 
At ty 
-30 Ps Pele lela 
10 30 50 7.0 90 -1.0 -0.6 -02 02 06 10 14 
Vout — OUTPUT VOLTAGE — VOLTS Vout — OUTPUT VOLTAGE — VOLTS 


Iqut — OUTPUT CURRENT — mA 
Iqyt — OUTPUT CURRENT — mA 


Switching Characteristics 


Turn Off Delay Turn On Delay 
Carry In to Carry Out Carry In to Carry Out 
Cc 


SPEC LIMITS 
Am930451X 
[cali Am930459x 
BE Era ie 
pj 


Pe a 
¢2050GR508 


Beene Cee 15 pF 
pj} tt 


“55 = -15 ae 65 105 145 
Ta, — AMBIENT TEMPERATURE — °C 


-55 -15 25 65 105 145 
Ta — AMBIENT TEMPERATURE — °C 


togt — CARRY TURN-OFF DELAY TIME ~ ns 
tod~ ~ CARRY TURN-ON DELAY TIME — ns 


Turn Off Delay Turn On Delay 
Data In to Sum Output Data In to Sum Out 


SPEC LIMITS 
seeerco st 
Am930459X 

pe A 


32 PN ee 


| { {| | | speccimits 
T |_| [ob Amg30451x 
| | | 


‘Am930459X 


-55 -15 25 65 105 145 
T, — AMBIENT TEMPERATURE — °C 


-15 25 65 105 145 
Ta — AMBIENT TEMPERATURE — °C 


togt — ADD TURN-OFF DELAY TIME — ns 
tod7 ADD TURN-ON DELAY TIME — ns 


2-52 


TRUTH TABLES Am9304 LOADING RULES (in unit loads) 
Adder 1 


P —— Input/Output PinNo.s UnitLoad HIGH Low 
A, 2 
3 


Ol 


rPomrourr=z|y 
Pl} >] ao} a 
nN nN _ - 


oO 
nN 


tzaaoraerrrrjoa 
mamrrzteere 
mreaumrauwrirl|> 
rrerauorrtzxrrt 
=mrererourzorin 


Table | 
Adder 2 


Ol 


Outputs 


ow] 


Cc. Cs; 


. 
nw 
” 
n 
n 


o 


| orf wl] ao 


| | 
nN 


MSI INTERFACING RULES 


Equivalent 
Interfacing Input Unit Load 
Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500Series 1 1 
FSC Series 9300 

TI Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


mrerrrrrrrr rrr rrr ze rterererrsrrrrerererer er |W 
merrrrrr Serre rrr zt rerr rr rere ee 
mrerrrterrr rz err etre eer er eter reer rtore 
mrermrtmzrrr errr rr trtrazrerrarrscrazrercer|D 
ZBerrrtrrrr terre zrrrzrrrtrzastrrrsrsrs 
Perr er er eer rr eer etter rr errrrtrerrers 
Brrrrrrszrrrrrerrrrrrrzrrrszrerrrrscsrer ly 


IGH Voltage Level 
OW Voltage Level 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H= 
Table II 
— os 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Voc = PIN 16 Vout 2 
GNO=PIN 8 y = 


%TTHL9002 


FREQUENCY ~ 2,0 MHz 
PULSE WIDTH ~* 250 ns 
RISE TIME < 15 ns 
FALL TIME < 15 ns 
AMPLITUDE = 4.0 V 


“INCLUDES PROBE AND 
JIG CAPACITANCE Voc 
2-53 


Am9304 APPLICATIONS 
GATING ELEMENTS 


Ay S=A, @® 8, 
Co C,= Lo 
Am9304 C=Hi 
Ay S=A, © By 
Ag Cp = Hi 
Co hs Am9304 C=Lo 
Bo Ap, Bg = Lo 
By S=A,@8, 


Co =Lo 
Ay S=A,;@B, Oc, 
By Am9304 
Cy Ep = MAJORITY LOGIC 
FOR ACTIVE LOWS 


PROPAGATION DELAY AND 
PACKAGE COUNT AGAINST 
WORD LENGTH FOR 
RIPPLE CARRY ADDITION 


20 


Am9304 FAT 


PROPAGATION DELAY — ns 
PACKAGE COUNT 


0 fe) 
0 10 20 30 40 
NUMBER OF BITS 


Shown above is a high-speed ripple carry parallel addition scheme. Only one and-or-not gate delay is 
incurred at each stage allowing a typical addition speed of (N+ 1) x 8 ns, where N is the number of 
bits in the word. The curve shows propagation delay of the ripple-Carry Adder drawn in Figure 5. Plotted 
on the same diagram is a curve showing the low package count resulting from this Ripple Scheme. 


PHYSICAL DIMENSIONS 
Hermetic Dual-In-Line 


Molded 


ADVANCED 
MICRO 
DEVICES INC. 

901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

77 x 71 Mils TWX: 910-339-9280 
TELEX: 34-6306 
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Am9306/2501 


BCD Decade/Binary Hexadecimal Synchronous Up-Down Counters 


Distinctive Characteristics: 


24-pin Hermetic DIP 0°C to +75°C 
24-pin Hermetic DIP —55°C to +125°C benss06e X AM250151G 


100% reliability assurance 
high - temperature bake, 


testing including 
temperature cycling, 


centrifuge and package hermeticity testing in 
compliance with MIL STD 883. 


FUNCTIONAL DESCRIPTION 


The Am9306 BCD Synchronous Up-Down Decade Counter is 
functionally, electrically, and pin-for-pin equivalent to the 
Fairchild 9306. The Am2501 is a Binary Hexidecimal! version 
of the 9306. They are both available in the hermetic dual-in- 
line package. These counters consist of four master-slave JK 
flip-flops driven synchronously by a buffered clock pulse 
(CP) input. 

During the CP LOW-to-HIGH transition the master flip-flop 
stage is inhibited from further change. Following master flip- 
flop lock out, data is transferred from the master to the slave 
flip-flop outputs, Qo, Qi, Q: and Q;. With CP HIGH the master 
flip-flop is inhibited from data entry and the master slave data 
transfer path remains established. The data entry/transfer 
procedure is reversed during the CP HIGH-to-LOW transition. 
__The CD input is a single line up/down control. When the 
CD input is LOW, and if counting is not inhibited the_counter 
will count down on the next clock pulse and if the CD input 
is HIGH the counter will count up on the next clock pulse. 

The parallel enable (PE), when LOW, allows the counters to 
be synchronously preset from the four parallel inputs, Po, Pi, 
P, and P;. PE HIGH inhibits presetting. The state diagrams in 
Figure 7 indicate the count sequence of the counters after 
presetting to any of sixteen (16) possible states. The circuits 
count on the LOW-to-HIGH transition of the clock input. The 
9306 counts in a 8-4-2-1 binary coded decimal (BCD) code; 
the 9306B counts in a 8-4-2-1 binary code. 

The terminal count (TC) output Is active HIGH when the 
counters are at terminal count. The terminal count logic 
equations are: 

Am9306 TC = (CDeQ,°Q,°Q,eQ, + CD*Q,*Q,°Q,°Q,) 
Am2501 TC = (CD¢Q,*Q,eQ,Q, + CDeQ,2Q,¢Q,°Q,) 

The count mode is enabled when ail six CE inputs are in 
the HIGH state. The multistage counter in Figure 9 illustrates 
the high-speed look-ahead carry technique made available 
by the six CE inputs. 

The clock pulse must be HIGH during the HIGH-to-LOW 
transition of a CE input with all remaining CE inputs HIGH 
and during the LOW-to-HIGH transition of PE for correct 
logic operation. Any change of CD must be made only when 
CP is HIGH. The Am2501 is also available in a 16-pin pack- 
age with only two count enables. 


Am9306/2501 ORDERING INFORMATION 


Am9306 Am2501 
Package Temperature Order Order 
Type Range Number Number 


16-pin Hermetic DIP o°C to, t 752073 WS AM250159F 

16-pin Hermetic DIP — = 55°18 SHS a3 AM250151F 

Dice Wee Noteg gov Sxxes0exxp AM2501XXD 
pel’ gee 


Note 4: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. 


U6N93065930)'AM250159G 


@ Mixing privileges for obtaining price discounts. 
Refer to price list. 


e Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


LOGIC DIAGRAMS /SYMBOL 


Am9306 


[> 5 D> > LL 
Jee, ‘imate 
pe 


23 22:«21'=«20' «19 


Voc = PIN 24 
GND = PIN 12 


3°45 #8 10 


The basic cell for the Am9306 and Am2501 is illustrated in Figure 8. 


CONNECTION DIAGRAM 


Am9306 
Am2501 


Am2501 


NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS = (Above which the useful life may be impaired) 
Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 


Output Current, Into Outputs 


DC Input Current (Note 1) 


—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7\ 
—0.5 V to +Vec ma: 
—0.5 V to +5.5 \ 

30 mé 

—30 mA to +5 m/ 


ELECTRICAL CHARACTERISTICS U6N930659X/AM250159X T, = 0°C to +75°C 
U6N930651X/AM250151 T, = —55°C to + 125°C 
rr LIMITS 
Note 2 
DC Characteristics (Note 2) —55°C o°c 425°C +75°C 125°C Units 
Parameters Part No. Test Conditions Min Max Min Max Min Typ Max Min Max Min Max 
Output HIGH Am930659X Eeeenee eee Volts 
Volt Vee, = 4.75 V, lay = 6xlp = —0.36 MA 2.40 2.40 3.0 2.40 
Am930651X | Veg, = 5.5 V, lo, = Sxl; = 9.6 MA 0.40 02 0.40 0.40 
peri aw Am250151 | Veg. = 4.5 V, lo, = 6xle = 7.44 mA ‘ , ; vere 
Voltage Am930659X | Voy = 5.25 V, Io, = 6x, = 9.6 MA 0.45 02 0.45 0.45 
Am250159 | Veg, = 4.75 V, Io, = 6xlp = 8.5 MA 
¥ Am930651X | Voc, = 5.5 V 2.00 1.70 4.40 
1H Am250151 | Vog, = 4.5 V 
input HIGH 7 930650X 1 V 5.25V vole 
Voltage CCH = ¥. 1.90 1.80 1.60 
id Am250159. | Veo, = 4.75 V 
y Am930651X | Veg, = 5.5 V 0.80 0.90 0.80 
IL Am250151 | Veg, = 4.5 V 
Input LOW -m930659X | V 525 V vous 
Voltage CCH =¥- 0.85 0.85 0.85 
- Am250159 | Veg, = 4.75 V 
I, (Note 3) Am930651X | Vecy = 5.5 V Ve = 0.4V —1.60 —1.10—1.60 —1.60 
Input Load Am250151 | Veg. = 4.5 V —1.24 —0.97—1.24 —1,24 
ae }—.._____| mA 
Current Am930659X | Vecy = 5.25V y _ o45y —1.60 —1.00—1.60 —1.60 
(CD, CE) Am250159 | Veg. =4.75V FO —1.41 —0.90—1.41 —1.41 
I, (Notes) | AM9S0651X jy  ssv, Vv, =4.5V 60 15 60 60 
Reverse Input; Am250151 a aA 
Current Am930659X 
— Vecy = 5.25V, Vp = 4.5V 15 60 60 
Am930651X 5 
lho Am2501s1 | Veo = 50¥ is 
Power Supply AOS0650X mA 
Current Am250159 cc = 5.0 V 96 
Switching Characteristics (T, = 25°C) Test Conditions Min Typ Max Units 
toa+ Turn Off Delay — Q Outputs 10 20 30 ns 
tha~ Turn On Delay — Q Outputs | Voc = 5.0 V, C, = 15 pF 10 20 30 ns 
tog (TC) Turn Off Delay TC (Refer to Figure 1) | 20 40 60 ns 


Turn On Delay TC 
Set-up Time CE 


Release Time CE 


t, Release Time P-Inputs Vee = 5.0 V,C, = 15 pF 


Release Time PE 


t,(CD) Set-up Time CD Vec = 5.0 V, C, = 15 pF 
Release Time CD (Refer to Figure 4, 5) 


Note 1. Max current defined by D.C. input voltage 
2. Pulse tested 
2-56 3. For CP, PE, P,, P,, P, and P, input currents use Am 9306/2501 loading rules. 


(Refer to Figure 2) 10 ‘ ns 
t, Set-up Time P-Inputs 15 40 ns 


0 15 ns 
Set-up Time PE (Refer to Figure 3) 20 3840 ns 
0 20 ns 


ns 


)EFINITION OF TERMS 


‘UBSCRIPT TERMS: 


Forward, applying to LOW inputs. 
| HIGH, applying to a HIGH logic level or when used with Vcc to 
idicate high Voc value. 

Input. 

LOW, applying to LOW logic level or when used with Voc to 
idicate low Vcc value. 
» Output. 
| Reverse, applying to HIGH inputs. 


UNCTIONAL TERMS: 

synchronous (ripple) Counter All outputs (flip flops) change state 
n command from a preceding stage. 

BD Input The Up/Down control. A LOW on this input forces the 
ounter to count DOWN on receipt of a clock pulse. A HIGH on this 
iput forces the counter to count UP on receipt of a clock pulse. 
E Inputs The count mode is inhibited by a LOW on any of the 
ix CE inputs. Outputs TC, Q,, Q,, Q, and Q, remain unchanged. 
iefer to Truth Table II. 

an-Out The logic HIGH or LOW output drive capability in terms 
f Input Unit Loads. 

iput Unit Load One TL gate input load. In the HIGH state it is 
qual to I, and in the LOW state it is equal to I,. 

K Flip Flop Properties similar to an RS Flip Flop except that 
= K = 1 is allowed. Refer to Truth Table I. 

,K Inputs The logic inputs for setting the JK flip flop of the 
egister. Refer to Table I. 

E Input The input for selection of parallel data entry to the 
egister. Parallel Enable (PE) LOW allows parallel! data entry. 

%» P|, P,, P; Inputs The inputs for data entry into the four synchro- 
ious clocked JK Flip Flops. Refer to Table II. 

,, Q,, Q,, Q, Outputs The four outputs of the 9306/Am2501 
agister flip flops. ‘ 

1, (t,) The output after the n’th clock pulse. 

2 (t,,,) The output after the (n+1) clock pulse. 

synchronous Counter Al! outputs (flip flops) change state on 
ommand from the clock. 


‘erminal Count The highest number a counter can attain when 
»perated in the count mode and counting up or the lowest number 
t counter can attain when operated in the count mode and count- 
ng down. 

‘C Output This output is HIGH when CD is LOW and the counter 
3 in state 0 (Q,, Q,, Q,, Q, are all LOW), or when CD is HIGH and 
n the case of the 9306, the counter is in state 9 (Q,, Q, are HIGH, 
2,, Q, are LOW), or when CD is HIGH and in the case of the 
\m2501 the counter is in the state 15 (Q,, Q,, Q,, Q; are all HIGH). 


JPERATIONAL TERMS: 

- Forward input load current for unit input load. 

on Output HIGH current forced out of output in VQ, test. 
ot Output LOW current forced into the output in V-, test. 
x Reverse input load current with V, applied to input. 


Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. Refer to Figure 6. 

Vi, Maximum logic LOW input voltage. Refer to Figure 6. 

Voy Minimum logic HIGH output voltage with output HIGH current 
loy flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 

V; Forward LOW input voltage, for forward input current (I,) test. 
Vp Input reverse HIGH voltage applied for input leakage current, 
(Ip) test. 


SWITCHING TERMS: (All switching times are measured at the 1.5V 
logic level) 


CP Clock Pin, pulsed. The subscript, if any, refers to pulse wave- 
shape. 

tiua_ The propagation delay from the clock signal LOW-HIGH 
transition to an output signal HIGH-LOW transition. Refer to Figure 1. 
tha, The propagation delay from the clock signal LOW-HIGH 
transition to an output signal LOW-HIGH transition. Refer to Figure 1. 
tia,(TC) The propagation delay from the clock signal LOW-HIGH 
transition to the TC output LOW-HIGH transition. Refer to Figure 1. 
toa—(TC) The propagation delay from the clock signal LOW-HIGH 
transition to the TC output HIGH-LOW transition. Refer to Figure 1. 


t, Set-up time defined as the minimum time required for the logic 
level to be present at the data inputs prior to the clock transition 
from LOW to HIGH in order for the flip flop(s) to respond. Refer to 


Figure 3. 


t, Release time defined as the maximum time allowed for the logic 
level to be present at the data inputs prior to the clock transition 
from LOW to HIGH in order for the flip flop(s) not to respond. Refer 


to Figure 3. 

t(CE) The minimum time required for the logic level to be present 
at a CE input prior to the clock transition from LOW to HIGH in 
order for the flip flop(s) not to respond. Refer to Figure 2. 

t.(CE) The maximum time allowed for the logic level to be present 
at a CE input prior to the clock transition from LOW to HIGH in 
order for the flip flop(s) not to respond. Refer to Figure 2. 


t,(PE) Set-up time for the Parallel Enable is defined as the mini- 
mum time required for the logic level to be present at the Parallel 
Enable (PE) prior to the clock transition from LOW to HIGH in order 
for the flip flop(s) to respond. Refer to Figure 3. 

t,(PE) Release time for the Parallel Enable is defined as the maxi- 
mum time allowed for the logic level to be present at the Parallel 
Enable logic input prior to the clock transition from LOW to HIGH 
in order for the flip flop(s) not to respond. Refer to Figure 3. 

t,(CD) The minimum time which must elapse between any change 
of state of CD and the CP HIGH to LOW transition in order to ensure 
correct counter operation. Refer to Figure 4, 5. 

t,(CD) The maximum time which must elapse between any change 
of state of CD and the CP LOW to HIGH transition for correct counter 
operation. Refer to Figure 4, 5. 


SWITCHING WAVEFORMS 


OUTPUT ——— —— 


Figure 1 , Figure 2 


PARALLEL _ ere 
DATA fF ES OES TeV 
‘ ye 


Figure 4 Figure 5 - 


Switching tests are performed with CP input driven by a TTuL9002 gate and the outputs 
loaded by 15 pF capacitance to include jig capacitance. All unused inputs are tied to Vcc. 
The pulse generator driving the TTuL9002 is set up in the following condition: 


Rise Time <15 ns 

Fall Time <15 ns 

Amplitude ~4 V 

Frequency = 2 MHz +5% at 50% duty cycle 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 
OUTPUT ORIVING INPUT LOAD 
"LOW" ORIVEN’LOW" 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


OUTPUT LOAD 


(High level) = 


» MINIMUM LOGIC 
“HIGH™ INPUT 
VOLTAGE 


Vitg 


MAXIMUM LOGIC 
“LOW" INPUT 
VOLTAGE GND = 


VOLTAGE Current Interface Conditions — HIGH 


ORIVING DEVICE DRIVEN DEVICE OUTPUT DRIVING INPUT LOAD 
Vv "HIGH" DRIVEN'HIGH" 
cc 


ORIVING 
DEVICE DEVICE 


Figure 6 
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Am9306/2501 STATE DIAGRAMS 


Am9306 


COUNT UP 


—e= COUNT DOWN 


The state diagrams show the count sequence after the 
counters are preset to any one of the sixteen possible states. 


Figure 7 


Am9306/2501 BASIC CELL 


This basic cell illustrates how data is 
entered and controlled internally. Count 
enable gating is also shown. 


Figure 8 


Am9306/2501 LOADING RULES 


Fanout 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


1 2 
2 1 
3 — 


MS! INTERFACING RULES 


Equivalent 
Interfacing Input Unit Load 
Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 

Ti Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DiLSeres 9390 —i(‘é;!!O OCU 


TRUTH TABLES 


Mode Selection 
Mode 


Count Up 
Count Down 
Count Inhibited 
Presetting 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


TABLE tl 


JK Flip Flop — 
Q, (tn+1) 


Q,(tn) No change 
L 


H 
Q,(tn) Toggle 


K=K,*°K,°K, TABLE | 


Am9306/2501 APPLICATIONS 


PARALLEL 
ENABLE 


UP/DOWN [tae re ee ee ee Pe 
CONTROL fees ne eg ee it ee | 


fe db d 
er Pp Py Pp is we Py Pa Pa d Py P3 [COPE Py Py Pa Py - 
Am9306/2501 Am9306/2501 Tc CP am9306/2501 TC GigMORE, 
CE Og A; OQ ae Bc Qo a, 2 ae ce CE Qo Q; A Q3 STAGES 


COUNT 
ENABLE 


Figure 9 


Multistage Counting 


Counter stages can be cascaded, as shown above, to provide multiple stage BCD or binary synchronous counting by using 
the Am9306 or the Am2501 respectively. With a TC fan-out of six the above scheme allows seven stages to operate at the 
maximum frequency equivalent to a two stage counter. The PE control can be used as an additional count enable input 
by connecting counter outputs to the corresponding parallel inputs. 


COUNT/SHIFT 
CONTROL 


UP/DOWN 


TR 
SERIAL SHIFT SONTHOE 


OUT/COUNT CONTROL 
CLOCK 


COUNT 
UP/DOWN CONTROL QICDPE Po Py Po P3 ENABLE 


CLOCK CP am9306/2501 TC 


COUNT ENABLE 


SERIAL 
DATA OUT 
Tc 


Qy Q, Q a3 


4BIT BYTE 
PARALLEL DATA OUTPUT 


Figure 10 Figure 11 


Serial Output Paraltel-Serial Output 

The counter can be connected as a shift register by using Count results may be shifted out four bits at a time from 
the parallel load facility and connecting the counter out- cascaded counters for display in the case of the Am9306 
puts to the corresponding higher stage input. Input P,.is BCD decade counter or for further parallel serial compu- 
grounded so as to initialize the counter to zero during the tation. 

shifting operation. 


PHYSICAL DIMENSIONS 
Hermetic Dual-In-Line 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (3) 


Am9308 


Dual Four-Bit Latch 


Distinctive Characteristics: 


¢ 100% reliability assurance testing including high- e Mixing privileges for obtaining price discounts. 
temperature bake, temperature cycling, centrifuge Refer to price list. 
and package hermeticity testing in compliance with 
MIL STD 883. e Electrically tested and optically inspected dice for 
e Two independent enables on each latch. the assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am 9308 provides 8 bits of latch storage divided into two 
blocks of 4 bits. Data enters into a latch when both enable 1415 16 18 20 22 
inputs to the 4-bit latch block are LOW. While this condition E, é 

exists the output of the latch follows the input. If either enable 

input goes HIGH the data present in the latch at that time 

is held in the latch and is no longer affected by the data input. E Dg Dy Dz Dy E Dp Dy 02 D3 
An active LOW master reset is provided for each 4~bit latch. 
This reset overrides al! other input conditions and when acti- 
vated forces the outputs of all the latches LOW. mH 


Am 9308 4-BIT LATCH 1 Am 9308 4-BIT LATCH 2 
Qy 2, Az Ag MR G9 9, 92 03 


1 13,617 19 21 23 
Voc = Pin 24 


GND = Pin 12 


LOGIC DIAGRAM 


NOTE: Only one 4 Bit Latch shown. 


Am9308 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


es = EE. = 
ngs Veg 3 03 O2 02 Oy Dy Aq Og Ey Eo MA 


ae 
Package Temperature ; ¢Order 24 23 22 21 2019 18 17 16 15 14 13 
Type nef, Number 


Molded DIP —0°C. to #'75°G._, <) AM930859C 
Hermetic DIP = O°G'to ++ U6N930859X 
Hermetic DIP., —55°C to*+425°C U6N930851X 


Hermetic Flat Pak —§5°C to +125°C +—_U4M930851X 
Dice UXX9308XXD 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to + 125°C temperature ranges. NOTE: PIN 1 jis marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vece max 
DC Input Voltage —0.5Vto+5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current (Note 1) —30 mA to +5 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am930859X T, = 0°C to +75°C Veo = 5.0 V £5% 
Am930851X T, = —55°C to+125°C V.~ =5.0V +10% 


Parameters Description Test Conditions Typ (Note 1) Max Units 


Veco = MIN., loy = —0.72 MA 
Output HIGH Voltage Vin = Vig or Vy 3.6 
Vec = MIN., IK, = 14.4mA 
Output LOW Voltage cc OL 0.2 
Vin = Vin or Vip 
Input HIGH Level! Guaranteed input logical HIGH 
k voltage for all inputs 


Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Unit Load 
= MAX,, =0.4V 


Unit Load 
= ay =2.4V 
input HIGH Current Vee MVM mn 
input HIGH Current Voc = MAX., Viy = 5.5°V aE 


Volts 


ees 
Vec = MAX., 
I Output Short Circuit Current 
Se f Voyr = 0.0 V 
L 
' = Am930851X 
ft Power Supply Current All other inputs = 4.5 V 


Voc = MAX. 


Notes: 1) Typical Limits are at Vog = 5.0 V, 25°C Ambient and maximum loading. 
2) Actual Input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


SWITCHING CHARACTERISTICS 7, = 25°c) 


Parameters Description Test Conditions Min Typ Max Units 
toa (E) Enable to Output HIGH 
toa (E) Enable to Output LOW 6 2. | + | | 
ta, (D) Data to Output HIGH | | 8 16 i 20 2 
tog— (D) Data to Output LOW 6 | 12 \ 18 
te vegan HIGH Data Set-up Time Veco = 5.0 V —4 0 6 
s'H — ce f =; il | ns | 
ty ope LOW Data Set-up Time C, = 15 pF [ 4 7 10 | 
t.., () Min. Enable Pulse Width | a [8 45 
= ; : ee 
7 ca Min. Master Reset Pulse Width | 10 ie 15 
7 
— (MR) a Master Reset to Output LOW [ 14 20 
tige Suni Master Reset Recovery Time -1 10 


DEFINITION OF TERMS 
SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH logic level or when used with Vcc to 
indicate high Vcc value. 


1 Input. 


L LOW, applying to LOW lIogic level or when used with Veco to 
indicate low Vcc value. 


O Output. 


FUNCTIONAL TERMS: 


D,, D,, D,, D, Inputs The four data inputs of each of the 9308 latch 
blocks. ; 


E, E, Inputs The two Enable inputs. Both. of these inputs must be 
LOW for insertion of data into the fatches. 


Fan Out The logic HIGH or LOW output drive capability in terms 
of input unit loads. 


Input Unit Load One T’L gate input load. In the HIGH state it is 
equal ta40zA at 2.4Vand in the LOW state it is equalto1.6mA at 0.4V. 


Latch A storage element which stores one bit of data on receipt 
of a single transition on an Enable signal. 


MR Input The master reset input. 


Q,, Q,, Q,, Q,; Outputs The four outputs of each of the 9308 latch 
blocks. 


Q(t.) The output of a latch at time t,. 


Q(t,,,) The output of a latch at time t,,, when input conditions 
at time t, have been realized by the output. 


OPERATIONAL TERMS: 


1, Forward input load current for unit input load. 

Io Output HIGH current forced out of output in Vo), test. 
Io, Output LOW current forced into the output in Vo, test. 
ly Reverse input load current with Vo, applied to input. 
Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 

Vi Minimum logic HIGH input voltage. Refer to Figure 6. 
Vi, Maximum logic LOW input voltage. Refer to Figure 6. 


Vou Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level.) 


a (E) The minimum time that both Enable inputs E, and E, must 
be LOW in order for data to be correctly entered into the latches. 


t,,(MR) The minimum pulse width for resetting the latches. 


tay (DQ)The propagation delay from the D input LOW to HIGH 
transition to the Q output LOW to HIGH transition. Refer to Figure 1. 


ape (DQ) The propagation delay from the D input HIGH-LOW tran- 
sition to the Q output HIGH to LOW transition. Refer to Figure 1. 


toa (EQ) The propagation delay from the Enable signal HIGH-LOW 
transition to the Q output LOW to HIGH transition. Refer to Figure 1. 


toa (EQ) The propagation delay from the Enable signal HIGH to 
LOW transition to the Q output HIGH to LOW transition. Refer to 
Figure 1. 

t, «4. (DE) The time required for a HIGH logic level to be present 
and remain present at a data input prior to the Enable transition 
from LOW to HIGH in order for the latch to retain a HIGH Jogic 
level. Refer to Figure 1. HIGH data must be steady at all times 
between t,,, max and t,, min. 

| (DE) The time required for a LOW logic level to be present 
and remain present at a data input prior to the Enable transition 
from LOW to HIGH in order for the latch to retain a LOW logic 
level. LOW data must be steady at all times between t, max and 
ty, min. 

t.., (MR) Recovery time for MR is the minimum time required be- 
tween the end of the reset pulse and the Enable transition from LOW 
to HIGH in order for the latches to respond to new data. Refer to 
Figure 1. 

toa (MR) The propagation delay from the master reset signal 
HIGH-LOW transition to the output HIGH-LOW transition. Refer to 
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ts_ MAX 


WWW TT TTY 
WAAAY L//TZ EEE TTT} 


tpd— 
(D) 


SWITCHING WAVEFORMS 


w\ WAY 
AIAN 


todt 
{D) 


STORING A LOW. Data STORING A HIGH. 

must be LOW by ts. max Data must be HIGH by 
and remain LOW until tSH max and must remain 
after tSH min. HIGH until after ts_ min. 


1 aa\\\\ 
i \\\\ 


STORING A LOW. STORING A HIGH. 
Enable pulse must be 
at least tpw-(E) max. 


TT} 
Hil} 


RESET AND STORE HIGH. 
To reset, MR pulse 

width must be at 

least tow (MR) max. 

To store data, the 

Enable must remain 

LOW at least tree (MR) 

max after MR goes 

HIGH. 


Note: The ‘set-up Time” is defined as the time required, relative to the enable, for a LOW to HIGH edge(tsH) or a HIGH to 
LOW edge(tsL) to propagate through internal detays. Logic transitions occurring before ts max are guaranteed to be 
detected; those occurring afier ts min are guaranteed not to be detected. Transitions between ts max and ts min may 


or may not be detected. The minimum set up time for a LOW is sometimes called the 


KEY TO TIMING DIAGRAM 


WAVEFORM 


INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROMH TOL 


MAY CHANGE 
FROMH TOL 


WILL BE 
CHANGING 
FROM LTOH 


MAY CHANGE 
FROMLTOH 


DON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


<I 


Figure 1 


“release time’ for a HIGH. 


TRUTH TABLE 
Inputs 
0 


L 
L 
H 


Q (,, No change 
Q |, No change 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


Table | 


MS! INTERFACING RULES 


Equivalent 
Interfacing 
Digital Family 


HIGH LOW 


Input Unit Load ~ 


Advanced Micro Devices 9300/2500 Series 1 1 


FSC Series 9300 

TI Series 54/7400 
Signetics Series 8200 
National Series DM 75/85 
DTL Series 930 


Table II 


Am9308 LOADING RULES (in unit loads) 


Input Output Drive 
Input/Output Pin No.’s Unit Load HIGH LOW 


Latch 1 MR 1 1 — — 
E, 1 — 


OPOIN] OD] oO] B} OO] pw 


_ 
Oo 


GND 
Latch 2MR 


—a fae] oa] oe] oe 
on} &}] GO} nm) = 


NOLNL OLE mo] as) a] aya 
ARIPO pose} Oo} o!;ain|i a 


Table IH 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH” OUTPUT 


VOLTAGE Vou, 


el eS oe oe 
NOISE 
IMMUNITY 
(High level) 


MINIMUM LOGIC 
“HIGH” (NPUT 
VOLTAGE 


ViLy 

MAXIMUM LOGIC 

“LOW” OUTPUT 
VOLTAGE 


MAXiMUM LOGIC 
“LOW” INPUT 


Vou, 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Ss) 
NOISE 
IMMUNITY 
(Low fevel) 


DRIVING DEVICE ORIVEN DEVICE 


DRIVING 
CEVICE 


DRIVEN 
DEVICE 


Figure 2 


Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN'LOW" 


OUTPUT LOAD 


GND = 


Current Interface Conditions — HIGH 


OUTPUT DRIVING INPUT LOAD 
- DRIVEN'HIGH’ 
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9308 APPLICATIONS 


DATA BUSES WORD ADORESS 


STROBE 
Ao Ay A2 A3 


Am9301 1/10 DECODER 


E Dg Dy Dz 0 
Am9308 4-BIT LATCH! —-—-—— wordo 


mR Q Q; Q2 Q3 


D2 d3 
‘Am 9308 4-B1T LATCH 2. —-——-— WORDY 


mR G9 Q; Q2 Q3 


Figure 3 


Latch Selection 


The Am9308 can be selected by using an Am9301 decoder. The active LOW outputs of the Decoder conform 
with the active LOW input enables of the latch blocks. The diagram shows one 4-bit latch being selected 
out of ten possible latch blocks. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Molded 


Ch 


min | ae 
stb 0 fe 


Metallization and Pad Layout 
73 x 101 Mils 


Flat Package 


LATCH1 24 Voc 
23 Qg LATCH 2 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (1) 


Am93L08 


Low-Power Dual Four-Bit Latch 


Distinctive Characteristics 


e 100% reliability assurance testing in compliance with 


e 100 mw typical power dissipation. MIL STD 883. 


© 30 ns typical propagation delay. ¢ Compatible with 7400 and 9300 series devices. 


FUNCTIONAL DESCRIPTION 


The Am93L08 consists of two independent four-bit latches. 
Each latch has two active LOW enables. When both enables 
are LOW, data on the inputs (Do, D,, Dz, D:) are fed through 
to the outputs (Qo, Qi, Q:, Q,). If either enable goes HIGH, 
then the four outputs are inhibited from further change and 
the last data on the inputs before the enable went HIGH are 
stored. Each latch also has an active LOW master reset input 
which forces all outputs to the LOW state regardless of any 
other inputs. 


LOGIC DIAGRAM 


LOADING RULES 
In Unit Loads (Notes) 


TTL LOADS 93L LOADS 
Input Load Factor HIGH LOW HIGH LOW 
D,, D,, D., D, 0.75 0.375 : 1.5 
MR, E,, E, 0.5 0.25 1.0 E 
HIGH LOW LOW 


1415 16 18 


Do 01 D2 03 
Am93L08 
4-BIT LATCH 1 
mr 20 21 @2 93 


Am93L08 
4-BIT LATCH 2 


MR 29 9; @2 93 


Output Drive 
All Outputs 


NOTES: 
1) alts unit load is specified as 0.4 V at ~1.6 mA LOW, 2.4 V at 40 wA 


2) int 93L unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 nA 
IGH. 


HIGH 


3) Enough output LOW current is available to mix TTL and 93L loads and 


still meet the 93L requirement of a Vo, of 0.3 Vcc = PIN 24 


GND = PIN 12 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

—65°C to +150°C 

—55°C to +125°C 
—-O0.5Vto+7V 


Storage Temperature 


Package Temperature (Ambient) Under Bias 


Type 


Number Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


24-Pin Molded DIP 
24-Pin Hermetic DIP 
24-Pin Hermetic DIP: 


24-Pin HetMStC Flat Pak. 
Dice. 


55°C to +125°C 
55°C to +125°C 


AM93L0859C 
U6N93L0859X 
U6N93L0851X 
U4M93L0851X 
UXX93L08XXD 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. 


DC Voltage Applied to Outputs for High Output State 


—0.5 V to +Ve_¢ max 


DC Input Voltage 


—O0.5Vto+5.5V 


Output Current, Into Outputs 


30 mA 


DC Input Current Note 1 


Note 1. Maximum current defined by DC input voltage. 


—30 mA to +5.0 mA 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


AmQ3LO859X T, = 0°C to +75°C Veg = 4.75 V to 5.25 V 
Am93L0851X T, = —S55°C to +125°C Voc = 4.50 V to 5.50 V 


Parameters Description Test Conditions 
Voc = MIN., Io, = —0.4 MA 
Vin = Vin OF Vin 


Vin = Vin OF Vi 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH eval Guaranteed input logical HIGH 
voltage for all inputs 


Input LOW Level | Guaranteed input logical LOW 
voltage for all inputs 


| 93L Unit Load 
(Note 2) Input LOW Current 


93L Unit Load 
hy Input HIGH Current 


iste) Input HIGH Current Veo = MAX., Vin = 5.5 V 
Output Short Circuit Current Voc = MAX., Voy = 0.0 V 
Power Supply Current Veco = MAX. 


Veo = MAX., Vin = 0.3 V 


Vec = MAX., Vin = 2.4 Vv 


Notes: 1) Typical limits are at Veg = 5.0 V, 25°C ambient and maximum loading. 
2) Actual Input currents are obtained by multiplying unit load current by the 93L input toad factor. (See loading rules) 


SWITCHING CHARACTERISTICS , = 25°c) 


Parameters Description Test Conditions 


Enable to Output HIGH 
tea (E) Enable to Output LOW 
toa4 (D) Data to Output HIGH 
tog— (D) Data to Output LOW 

trays | HIGH Data Set-up Time 


LOW Data Set-up Time 
tow (E) Min. Enable Pulse Width 


toy (MR) Min. Master Reset Pulse Width 
tg. (MR) | Master Reset to Output LOW 
tree (MR) Master Reset Recovery Time 


SWITCHING TIME WAVEFORMS 


tsi. MAX 


MMW TTT N\A\\\\AA\A 
AT A 


tpd—- todt (E) 


(0) {D)} 
tly \\ HT 
L/} \\\\\ HiT} 
ia tow (MR) i 


mee re pee Se a ee 
STORING A LOW, Data STORING A HIGH. STORING A LOW. STORING A HIGH. RESET AND STORE HIGH. ADVANCED 
must be LOW by ts_ max Data must be HIGH by Enable pulse must be To reset, MR pulse MICRO 
and remain LOW until tSH max and must remain at least tow-(E) max. width must be at 


after tSH min, HIGH until after ts min. least tow (MR) max. DEVICES INC. 


To store data, the 
Porpiiaes BRT) 901 Thompson Place 
max after MR goes Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 


TELEX: 34-6306 
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‘Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am9309 


Dual Four-Input Multiplexer 


Distinctive Characteristics: e Mixing privileges for obtaining price discounts. Refer 
° 100% reliability assurance testing including high-tem- to price list. 
perature bake, temperature cycling, centrifuge and 
package hermeticity testing in compliance with MIL- © Electrically tested and optically inspected dice for 
STD-883. the assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM/SYMBOL 

The 9309 Dual Four-Input Multiplexer is the logic implemen- 

tation of a two-pole four-position switch with the position of Nib ‘ob "3a "20 ta "oa 
the switch set by the logic levels supplied,to the Select 

Inputs S, and S,. Both TRUE and FALSE outputs are provided. 

The logic equations for each multiplexer output are given 

below: 


The logical representation of the 9309 is shown in Truth 
Table |. 

The 9309 will select and direct word data from multiple word 
registers to a common output buss. Multiple word data bussing 
using the 9309 is illustrated in Figure 4. 


loa "ta '2a '3a Job |b lap !ap 
So am9309 DUAL 4-INPUT 
Sy MULTIPLEXER 
' 
221 2b 2p 


Vcc = Pin 16 
Gnd. = Pin8 


Am9309 ORDERING INFORMATION ’ CONNECTION DIAGRAM 
Top View 


Package Temperature * Order 
Type Range Number 


Molded DIP —-O°C tat 75°C“ + UBM930959X 
Hermetic DIP O°C-'fo" 75°C = U7B930959X 
Hermetic DIP. —88°C to-12 U7B930951X 
Hermetic Flat Pak. 55°C to +125°C 1 U4L.930951X 
” Note UXX9309XXD 


Note: The dice supplied will contain units which meet both 0°C to . 
+75°C and —55°C to +125°C temperature ranges. NOTE: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


~—65°C to +150°C 


Temperature (Ambient) Under Bias 


—55°C to + 125°C 


Supply Voltage to Ground Potentia! (Pin 16 to Pin 8) Continuous 


-—0.5Vto +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vec max 
DC Input Voltage —0.5Vto+5.5V 
Output Current, Into Outputs 30 mA 


DC Input Current 


—30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am930959X T, =0°C to + 75°C Veg = 5.0 V 5% 
Am930951X  T,=-55°C to +125°C 3 =Vo¢ = 5.0V +10% 
Parameters Description Test Conditions Min. Typ. (Note 1) 


Vec = MIN., lo, = —0.8mA 
Output HIGH Voltage ce » "OH 
shi Vin = Vin OF Viz 


Max. 


Voc = MIN., Io, = 16.0 mA 
Output LOW Voltage ce FOL 
Vin = Vin OF Vir 


Input HIGH Level! Guaranteed input logical HIGH 
voltage for all inputs 


Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 


Unit Load 
Input LOW Current 


=I Unit Load 


Input HIGH Current 
iNote:c) Input HIGH Current Veco = MAX., Viy = 5.5 V 


re “Output Short Circuit Current Voc = MAX., Voy7 = 0.0 V 
lec Power Supply Current 


Veo = MAX., Viy = 0.4 V 


Veo = MAX, Viy = 2.4V 


Notes: 1) Typical Limits are at Vcg = 5.0 V, 25°C ambient and maximum loading. 


2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


SWITCHING TIME TEST CIRCUIT 


'oa ‘ta '2a '3at lob Nb '2b '3b 
So Am9309 DUAL 4-INPUT 
S} MULTIPLEXER 

Zat 2p 2b 


PULSE GEN CHARACTERISTICS 
FREQ = 1 MHz 
PULSE WIDTH = 100 ns 
t= t¢S15ns 
AMPLITUDE ~ 4V 


“INCLUDES ALL PROBE AND JIG CAPACITANCE 


Switching Characteristics (7, = 25°c) 


Parameters 


Description 
Select Input/TRUE Output 
Select Input/TRUE Output 


Turn Off Delay 
Turn On Delay 


toa4 (SF) Turn Off Delay Select Input/FALSE Output 
tog (SF) Turn On Delay Select Input/FALSE Output 
toa4 (DT) Turn Off Delay Data Input/TRUE Output 
tog_ (DT) Turn On Delay Data Input/TRUE Output 
toa4.(DF) Turn Off Delay Data Input/FALSE Output 
tg (DF) Turn On Delay Data Input/FALSE Output 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH-signal level or when used with Voc 
to indicate HIGH V¢_ value. 

[ Input. : 

L LOW, applying to a LOW signal level or when used with Veco 
to indicate LOW V¢¢ value. 


O Output. 


FUNCTIONAL TERMS: 
Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 


I 1, Data Inputs One of the four multiplexer data inputs for 
multiplexers aorb,j = 0, 1, 2, 3. 


Input Unit Load One T?L gate input load. In the HIGH state it is 
equal to |, and in the LOW state it is equal to I;. 


Z Output The logic TRUE output of the four input multiplexers. 
Z Output The logic FALSE output of the four input multiplexers. 


OPERATIONAL TERMS: 


I, Forward input load current, for unit input load. Refer to Figure 2. 
Io4 Output HIGH current, forced out of output in Vo, test. Refer to 
figure 2. 

Io, Output LOW current, forced into the output in Vo, test. Refer 
to Figure 2, 


Ip The current drawn by the device under a +5.0 V power supply 
bias with input and output terminals open. 


li, Reverse input load current with Vo, applied to input.:Refer to 
Figure 2. 


Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 
Viy Minimum logic HIGH input voltage. Refer to Figure 2. 


+25°C 
Test Conditions Min Typ Max Units 
10 24 32 ns 
jinaes 
10 24 32 | ns | 


5 16 21 ns 


| 5 17 23 


Veco = 5.0 V,C, = 15 pF 


(Refer to figures 1 & 3) 8 17 24 
| 8 17 24 | ns 
a: 9 14 ns 
3 10 15 | ns | 


Vii Maximum togic LOW input voltage. Refer to Figure 2. 


Vou Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. Refer to Figure 2. 


Vo, Maximum logic LOW output voltage with output LOW current 
lo, into output. Refer to Figure 2. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level). 


tog,(ST) The propagation delay from a Select Input signal transi- 
tion to the corresponding TRUE output LOW-HIGH transition. Refer 
to Figure 1. 


tg (ST) The propagation delay from a Select Input signal transi- 
tion to the corresponding TRUE output HIGH-LOW transition. Refer 
to Figure 1. 


tog4 (SF) The propagation delay from a Select Input signal transi- 
tion to the corresponding FALSE output LOW-HIGH transition. Refer 
to Figure 1. 


tog_ (SF) The propagation delay from a Select Input signal transi- 
tion to the corresponding FALSE output HIGH-LOW transition. Refer 
to Figure 1. 


toa4(DT) The propagation delay from a Data Input signal transition 
to the TRUE output LOW-HIGH transition. Refer to Figure 1. 


t.g_(DT) The propagation delay from a Data Input signal transition 
to the TRUE output HIGH-LOW transition. Refer to Figure 1. 


t,q,(DF) ‘The propagation delay from a Data Input signal transition 
to the FALSE output LOW-HIGH transition. Refer to Figure 1. 


tog_ (DF) The propagation delay from a Data Input signal transition 
to the FALSE output HIGH-LOW transition. Refer to Figure 1. 


SWITCHING TIME WAVEFORMS 


> > 


SELECT 
INPUTS 


Zz 
OUTPUT 


z 
OUTPUT 


Figure 1 
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PERFORMANCE CURVES 


input Characteristics 


Input Current Versus - Input Current Versus 
Input Voltage Input Voltage 


SPEC LIMIT (Vp Ip) oh 


Am —— 


SPEC LIMIT (Vp tp) 
Am930951X ‘ 


SPEC ate (Vp, a 
Am'930959X 
Voc 5-5V 


| | spec LIMIT (Vp, Ip) am 
| | Amg30951x hate] 
Voc * 5.5V ae 


gl oP abe doa 
iacelcnes F  M 
aha 
4.0 6.0 i “=21 2.0 4.0 6.0 8.0 

Vin: INPUT VOLTAGE - VOLTS Vin: INPUT VOLTAGE - VOLTS 


ly - INPUT CURRENT - mA 
yy - INPUT CURRENT - mA 


Output Characteristics 


Output HIGH Current : Output HIGH Current Output LOW Current 
Versus Output Voltage Versus Output Voltage Versus Output Voltage 


SPEC LIMIT (Vow Ton) 20 
Am930951X 


TYPICAL 
Vec™ 5.0V 


TYPICAL 
Vee =§.0V 


SPEC LIMITS (Vo 
Am930951X ,V¢¢ = 4.75V 
Am930959X Vcc = 4. 


fl 
/ Aa et Beet L 


{out - OUTPUT CURRENT - mA 
Igy - OUTPUT CURRENT - mA 
Igut- OUTPUT CURRENT - mA 


x . 5.0 . 
Vout - OUTPUT VOLTAGE - VOLTS Vout’ OUTPUT VOLTAGE - VOLTS ease sae yoEane? VOLTS 


Switching Characteristics 


Turn On Delay Turn Off Delay Turn On Detay 
Select Input to TRUE Output Select Input to TRUE Output Select Input to FALSE Output 


SPEC LIMITS i? SPEC LIMITS 
Am930951X Am930951X 
<<] Am930959x Am930958X 


t 
SPEC LIMITS 

Am930951X 
Am930959X 


tog JST) - TURN ON DELAY TIME - ns 
tpg-{SF) - TURN ON DELAY TIME - ns 


tog (ST) - TURN OFF DELAY TIME - ns 


) el aa a a ae 


0 0 
-55 -35 -15 5 25 45 65 85 105125 -55 -35 -15 5 25 45 65 85 105 125 65 -35 -15 5 25 45 65 85 105125 
T, - AMBIENT TEMPERATURE - °C T, - AMBIENT TEMPERATURE - °C Ta, - AMBIENT TEMPERATURE - °C 


Turn Off Delay Turn On Delay Turn Off Delay 
Select Input to FALSE Output ‘Data Input to FALSE Output Data Input to FALSE Output 


48 
tt} fe oe 


cL ¢ 15 pF 


i re 


SPEC LIMITS 
Ami930951X 


LA Am930959X 


tog{DF) - TURN OFF DELAY TIME - ns 


tog+(SF) - TURN OFF DELAY TIME - ns 
tog IDF} - TURN ON DELAY TIME - ns 


Lv) it) 0 
-685 -35 -15 5 25 45 65 85 105125 -55 -35 -15 5 25 45 65 85 105 125 -55-35 -15 5 25 45 65 85 105125 
T, - AMBIENT TEMPERATURE - °C Ta- AMBIENT TEMPERATURE - °C Ta - AMBIENT TEMPERATURE - “Cc 


TRUTH TABLE 


Select Inputs Data Inputs 


Olrrrrrtirrer 
Boirrre 


Bterrtirer 
ToiTIrer rr |Osr 
xx =mr-Kxx>x 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


TABLE | 
MS! INTERFACING RULES 


Interfacing 
Digital Family 


Advanced Micro Devices 9300/2500 Series 
FSC Series 9300’ 

TI Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


TABLE Il 


Equ 


Am9309 LOADING RULES (in unit loads) 


Outputs Fanout 
Input Output Output 
Input/Output PinNo.s UnitLoad HIGH LOW 


12 
11 
10 


—_ 


ee ee ee ee ee ee 


TIritirrwrir 


ivalent Input 


Unit Load TABLE Ii 


HIGH LOW 


1 


1 


1 
1 
2 
1 
1 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH. Current Interface Conditions — LOW 


MINIMUM LOGIC 
“HIGH” OUTPUT y 
VOLTAGE OH, 


NOISE 
IMMUNITY 
(High level) 


MAXIMUM LOGIC 
“LOW OUTPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


IMMUNITY 
(Low level) 


DRIVING DEVICE 


ORIVING 
DEVICE 


OUTPUT DRIVING INPUT LOAD | 
LOW DRIVEN"LOW 


OUTPUT LOAD 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


Vito 


MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


Current Interface Conditions — HIGH 


OUTPUT DRIVING INPUT LOAD 
“HIGH” DRIVEN"HIGH 


DRIVEN DEVICE 


DRIVEN 
DEVICE 


Figure 2 
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MULTIPLE WORD BUSSING 


BIT A INPUT BIT B INPUT 


Toa 414122 13a 1106 11b 2p 13p Toa tta 12a 13a !ob '1b 426 136 'oa Ita 12a 13a! lob 11b 12 ab Toa ‘ta 12a 13a! 10 "1b !2p '35 
So ‘Am9309 DUAL 4-1NPUT So _Am9309 DUAL 4-INPUT So Am9309 DUAL 4-INPUT So __Am9309 DUAL 4-INPUT 
Ss, MULTIPLEXER 5, MULTIPLEXER 5} MULTIPLEXER MULTIPLEXER 

Z| 2b 2p 


WORD 
SELECTION 


(29) © 
(27), O 
(22) 
(23)W3 0 


Joa Ma '2a 13a! Tob "1b '2b 13b 
SO am9309 DUAL 4-INPUT 


1 MULTIPLEXER 
\ 
Za 1 2b 2b 


BITA BITB 
OUTPUT OUTPUT 


Figure 4 


The interconnection of five 9309 Dual Four-!nput Multiplexers will switch a two bit data word from one of 
sixteen two bit words onto a data buss. The selection of the word transferred to the buss is made by the 
address supplied to the Wo, Wj, W2, and W3 inputs. 


. PHYSICAL DIMENSIONS 
Hermetic Dual-In-Line Molded 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 

Sunnyvale 

California 94086 

(408) 732-2400 

60 x 76 Mils TWX: 910-339-9280 
TELEX: 34-6306 
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Am93L09 


Low-Power Dual Four-Input Multiplexer 


Distinctive Characteristics 
e 100% reliability assurance testing in compliance with 
» 30 ns typical propagation delay. MIL STD 883. 


» 38 mw typical power dissipation. ¢ Compatible with 7400 and 9300 series devices 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am93L09 consists of two four-input multiplexers con- 

trolled by two common select lines. The logic levels on the 

two select lines S. and S, determine which of the four inputs ' 
will be fed to the outputs of each multiplexer, so the device Fee ee 
can select two bits of data from any one of four sources. 
Both assertion and negation outputs are provided for each 
multiplexer; the negation outputs are slightly faster. The 
Am93L09 can also be used to generate a random function of 
three variables by connecting two of the variables to the 
select inputs and connecting the multiplexer inputs HIGH or 
LOW or to the true or complement of the third variable. 


DATA SELECTION TABLE 


Select lines __ Outputs 

S §, Zz, 4, 2 2 

L L Joa loa loo lop 

ae lee, cols lb Uy 

L H Joa ha Job Ip 

H H Iba Is, Ip Ip 

LOADING RULES LOGIC SYMBOL 
In Unit Loads (Notes) 
TTL toads 93L loads 
Input Load Factor HIGH LOW HIGH LOW 


12,11 10 9 


0.5 


HIGH 
10.0 


0.25 


LOW 
3.0 


All Inputs 1.0, 1.0 


HIGH LOW 'oa "ta '2a '3a lop "1b 2p '3p 
So Am93L09 
20.0 12.0 


Output Drive 
All Outputs 


S1 DUAL 4-INPUT MULTIPLEXER 
‘ 
2p 


NOTES: unl on 
1) A ie unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA co = 16 
GND = PINB 


2) A Ne unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 vA ; 


3) Brcnsh output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a V., of 0.3 V. 


Am93L09 ORDERING INFORMATION. : MAXIMUM RATINGS (Above which the useful life may be impaired) 


Package Order Storage Temperature —65°C to +150°C 
Type - numaee Temperature (Ambient) Under Bia 55°C to +125°C 

16-Pin Molded DIP O0°C to +75°C: ~ U6M93L0959X e = wesc 
16-Pin Hermetic DIP Re £0°C to +75°C U7B93L0959X Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
16-Pin Hermetic DIP.. |; 55°C to’+125°C U7B93L0951X DC Voltage Applied to Outputs for High Output State —0.5 V to +Ve¢ max 


16-Pin Hermetic Flat Pak a 
ne YS : 


55°C to +125°C U4L93L0951X 


Note UXX93L09XXD DC Input Voltage —0.5V to +5.5V 


me Output Current, Into Outputs 30 mA 
oS DC Input Current (Note 1) —30 mA to +5.0 mA 


Note: The dice supplied will contain units which meet both 0°C to +75°C 


and —§5°C to +125°C temperature ranges. Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L0959X  T, = 0°C to +75°C Veo = 4.75 V to 5.25 V 
Am93L0951X  T, = —55°C to +125°C Vc, = 4.50 V to 5.50 V 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Veco = MIN., Io,, = —0.4 mA 
V Output HIGH Voltage cc 1 OH 2.4 
} You | Output tar votage | Yee yep OAmA | 
Veco = MIN., lo, = 4.92 mA 
Vv Output LOW Voltage - cc OL 0.15 Volt 
Vin Input HIGH Level Guaranteed input logical HIGH 20 Volts 
voltage for all inputs 
Vie Input LOW Level Guaranteed input logical LOW Volts 
voltage for all inputs 
93L Unit Load 
) Veco = MAX., Vy = 0.3 V —0.25 mA 
Input LOW Current a y 
93L Unit Load 
Veco = MAX., Vin = 2.4 V 2.0 A 
Input HIGH Current cS My . 
Input HIGH Current Voc = MAX,, Vin = 5.5 V mA 
Output Short Circuit Current | Voc = MAX., Voy; = 0.0 V —26 mA 


Notes: 1) Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS , = 25°c) 


Parameters Description Test Conditions Min Typ Max Units 


toa+ (SZ) Select to Z Output HIGH 
Select to Z Output LOW 
teas (SZ) Select to Z Output HIGH 
Select to Z Output LOW 


ta4 (DZ) Data Input to Z Output HIGH 
t,4_ (DZ) Data Input to Z Output LOW 
toa, (DZ) Data Input to Z Output HIGH 


t.g_ (DZ) Data Input to Z Output LOW 


Veco = 5.0 V, C, = 15 pF 


SWITCHING TIME WAVEFORMS 


SELECT 
{NPUTS 


—_—— — IBV 


2 
OUTPUT 


ADVANCED 

MICRO 

DEVICES INC. 

901 Thompson Place 

Sunnyvale 

California 94086 

(408) 732-2400 

TWX: 910-339-9280 

TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product 


Am9310/9316 


BCD Decade Counter/Four-Bit Binary Counter 


Distinctive Characteristics: 


Fully synchronous counting and parallel loading 


Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION 


The Am9310 and Am9316 are four-bit synchronous up-counters. The 
9310 is a modulo 10 counter and the 9316 is a hexadecimal counter. 
Each counter contains four master-slave flip-flops driven by a common 
clock input (CP). When CP is LOW, data is entered into the masters of the 
flip-flops. If the Parallel enable (PE) is HIGH, then data is entered into 
each master from the slaves of the other flip-flops via J and K type inputs. 
lf PE is LOW, then data is entered into the masters via the D-type parallel 
inputs (Po, Pi, Pz, P3). When the clock changes from LOW to HIGH, the 
data in the masters is transferred to the staves and the outputs (Qo, Qi, 
Q2, Q3). The masters are inhibited from change as long as the clock is 
HIGH. In the count mode (PE HIGH), there are two count enables, count 
enable parallel (CEP) and count enable trickle (CET). Both must be HIGH 
for counting to occur, The terminal count state of each device (9 for the 
9310 and 15 for the 9316) is decoded and ANDed with the CET input to 
produce a terminal count output (TC). Long synchronous counter systems 
are constructed by connecting the TC output of the first counter to the CEP 
inputs of all other counters and the TC output of each counter after the 
first to the CET input of the next counter. Both counters have an asyn- 
Chronous master reset (MR) which clears all four flip-flops independent of 
any other inputs. 

For proper operation, the PE input must not change from LOW to HIGH 
during the clock LOW time unless the Pi inputs are identical to the Qi 
outputs. If CEP and CET are both HIGH at any time during the clock LOW 
ings (and PE is HIGH), then the count will increment when the clock goes 
IGH. 


Mixing privileges for obtaining price discounts. 
Refer to price list. 

100% reliability assurance testing including 
high-temperature bake, temperature cycling, 


centrifuge and package hermeticity testing in 
compliance with MIL STD 883. 


LOGIC SYMBOL 


Voc = PIN 16 
GND =PIN 8 


The basic cell for the Am9310/9316 is illustrated in Figure 8. 


LOGIC DIAGRAMS 


Am9310 


Am9310 ORDERING INFORMATION 


Part Package Temperature Order 
Number. Type Range . -\* Number 
Am9310 Molded DIP 0°c to +75°C U6M931059X 
Am9310 Hermetic DIP 0°C.to++75°C U7B931059X 


Am9310 Hermetic DIP —55°C to. +1 25°C U7B931051X 
Am9310 Hermetic Flat Pak 55°C to-+125°C U4L931051X 
Am9310 Dice : UXX9310XXD 


Am9316 Molded’ DIP 3" O°C to +75°C _U6M931659X 
Am9316 Hermetic DIP;**  O0°Cto+75°C U7B931659X 
Am9316 HermeticDIP —55°Cto +125°C U7B931651X 
Am9316 -Hérmetic Flat Pak —55°C to +125°C U4L931651X 
Am9316 * Dice Note UXX9316XXD 


Note : The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. 


Am9316 


CONNECTION DIAGRAM 
Top View 


NOTE: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc max 
DC Input Voltage ; ; —0.5Vto+5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current (Note 1) —30 mA to +5 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am931059X/Am931659X  _T,=O°Cto+75°C Veg = 5.0 V 45% 
Am931051X/,Am931651X  _T, =—55°C to 4+125°C Vip =5.0V +10% 
Parameters Description Test Conditions Min Typ (Note 1) Max Units 


Veco = MIN., Loy = —0.8 mA 
Output HIGH Volt ce ? OH 2.4 3.6 Volts 
Veco = MIN., Io, = 16.0 mA 
V Output LOW Voltage cc OL 0.2 0.4 Volts 
Via Input HIGH Level Guaranteed input logical HIGH 20 Volts 
voltage for all inputs 
Vie Input LOW Level Guaranteed input logical LOW 0.8 Volts 
voltage for all inputs 


Unit Load 
I, (Note 2 Veer = MAX., Vi, = 0.4 V —1.0 —1.6 mA 
inANole 2) Input LOW Current Sod IN 


Unit Load 
Veco = MAX., Vin = 2.4 V 6.0 40 A 
Input HIGH Current ae m s 


Input HIGH Current Veco = MAX., Vin = 5.5 V 1.0 mA 


Vv. = MAX. 
5 cc , s ue 
hee utput Short Circuit Current Voyr = 0.0 V aE is 


Vou 
OL 


I, (Note 2) 


Am931051X 
1 Power Supply Current Voc = MAX | Am931651x i = mA 
. ia emai Am931059X 65 94 
Am931659X 


Notes: 1) Typical Limits are at Vocg = 5.0 V, 25°C Ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


SWITCHING CHARACTERISTICS (r, = 25¢c) 


Parameters Description Test Conditions Min Typ Max Units 


Turn Off Delay—Q Outputs 
ee Ac | Turn On Delay—Q Outputs 

tag 4.(TC) Turn Off Delay TC 
| teg(TC) Turn On Delay TC 


Set-up Time CEP or CET 


Veco = 5.0 V, C, = 15 pF 
(Refer to Figure 1) 


Vec = 5.0V, C, = 15 pF 
(Refer to Figure 2) 


Set-up Time P-inputs 


Set-up Time PE 


Turn-on Delay for MR 


Vec = 5.0 V, C, = 15 pF 
(Refer to Figure 3) 


Vec = 5.0 V, C, = 15 pF 
(Refer to Figure 1) 


Vec = 5.0 V, Cc, = 15 pF 
(Refer to Figure 4) 


Veco = 5.0 V, C, = 15 pF 


Turn Off Delay for CET to TC 
Turn On Delay for CET to TC 
Count Frequency 


1EFINITION OF TERMS 
UBSCRIPT TERMS: 


Forward, applying to LOW inputs. 


HIGH, applying to a HIGH logic level or when used with Vcc to 
dicate high Vcc value. 


Input. 


LOW, applying to LOW logic level or when used with Vcc to 
dicate low Vcc value. 


Output. 
Reverse, applying to HIGH inputs. 


JNCTIONAL TERMS: 

synchronous (ripple) Counter All outputs (flip flops) change state 
1 command from a preceding stage. 

» Input Asynchronous direct clear input. 

=P Input The count mode is inhibited by a LOW input. Outputs 
+, Qo, Q,, Q, and Q, remain unchanged. Refer to Truth Table II. 
=T Input The count mode is inhibited and Terminal Count (TC) 
itput is forced LOW by a LOW input. Outputs Q,, Q,, Q, and Q, 
main unchanged. Refer to Truth Table II. 

in-Out The logic HIGH or LOW output drive capability in terms 
Input Unit Loads. 

put Unit Load One T?L gate input load. In the HIGH state it is 
jual to Ip and in the LOW state it is equal to |,. 

‘ Flip Flop Properties similar to an RS Flip Flop except that 
= K = 1 is allowed. Refer to Truth Table I. 

K Inputs The Jogic inputs for setting the JK flip flop of the 

gister. Refer to Table |. 

3 Input The master reset input. 

itnput' The input for selection of parallel data entry to the 
jister. Parallel Enable (PE) LOW allows parallel data entry. 


,P,, P,, P; Inputs The inputs for data entry into the four synchro- ° 


us clocked JK Flip Flops. Refer to Table II. 


,Q,, Q,, Q, Outputs The four outputs of the 9310/9316 register 
) flops. 


(t,) The output after the n’th clock pulse. 
(t,,.,) The output after the (n+1) clock pulse. 


nchronous Counter All outputs (flip flops) change state on 
mmand from the clock. 


rminal Count The highest number a counter can attain when 
erated in the count mode. 


> Output This output is HIGH when CET is HIGH and the counter 
at terminal count. The output is LOW when CET is LOW or the 
unter not at terminal count. 


*ERATIONAL TERMS: 
Forward input load current for unit input load. 

4 Output HIGH current forced out of output in Vo,, test. 
Output LOW current forced into the output in Vo, test. 


1, Reverse input load current with V,, applied to input. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. Refer to Figure 6. 

V,, Maximum logic LOW input voltage. Refer to Figure 6. 

Vox Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: (Ail switching times are measured at the 1.5 V 
logic level) 


CP Clock Pin, pulsed. The subscript, if any, refers to pulse wave- 
shape. 


ta The propagation delay from the clock signal LOW-HIGH 


transition to an output signal HIGH-LOW transition. Refer to Figure 1. 
tay The propagation delay from the clock signal LOW-HIGH 
transition to an output signal LOW-HIGH transition. Refer to Figure 1. 
toa—(MR) The propagation delay from the master reset signal 
HIGH-LOW transition to. the TRUE output signal HIGH-LOW transi- 
tion. Refer to Figure 4. 

tia,(CET to TC) The propagation delay from the CET input LOW- 
HIGH transition to the TC output LOW-HIGH transition. Refer to 
Figure 5. : 

t,g-(CET to TC) The propagation delay from the CET input HIGH- 
LOW transition to the TC output HIGH-LOW transition. Refer to 
Figure 5. 

thq4(TC) The propagation delay from the clock signal LOW-HIGH 
transition to the TC output LOW-HIGH transition. Refer to Figure 1. 
t.g-(TC) The propagation delay from the clock signal LOW-HIGH 
transition to the TC output HIGH-LOW transition. Refer to Figure 1. 
t, (CE) The set-up time of the count enable inputs (CET or CEP) 
relative to either edge of the clock. To inhibit counting, one of the 
count enables must be LOW by t, (CE) max before the clock goes 
LOW and must remain LOW until after t, (CE) min before the clock 
goes HIGH. To enable counting, both of the count enables must be 
HIGH before t, (CE) max before the clock goes HIGH. 


t,(P) The set-up time for data on the P inputs, relative to the clock 
LOW ta HIGH transition. in order to correctly load data into the 
counter, the P inputs must be steady between t, (P) max and t, (P) 
min before the clock goes HIGH. 


t, (PE) The set-up time on the parallel enable input. To load data 
from the P inputs into the counter, the parallel enable must be LOW 
by t, (PE) max before the clock goes HIGH and must remain LOW 
until after t, (PE) min before the clock goes HIGH. 


SWITCHING TIME WAVEFORMS 


FAH HT 
VETTEL TL) 


LOAD A LOW LOAD 4 HIGH 


Figure 1 . Figure 3 


CEP - CET 


INHIBIT COUNT ENABLE COUNT 


Figure 2 Figure 4 


Switching tests are performed with CP input driven by a TTuL9002 gate and the outputs 
loaded by 15 pF capacitance to include jig capacitance. All unused inputs are tied to Vcc. 
The pulse generator driving the TTyL9002 is set up in the following condition: 


Rise Time <15 ns 

Fall Time <15 ns 

Amplitude ~4 V 

Frequency = 2 MHz +5% at 50% duty cycle 


INPUT/OUTPUT INTERFACE CONDITIONS 
Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
"LOW" DRIVEN'LOW" 


OUTPUT LOAD 

MINIMUM LOGIC 

“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level) VOLTAGE 


v 
; Ika 
MAXIMUM LOGIC GND > 
“LOW” OUTPUT MAXIMUM LOGIC 
VOLTAGE ie) mae eek "LOW" INPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Current Interface Conditions — HIGH 
(IMMUNITY 
(Low tevel) OUTPUT DRIVING INPUT LOAD 


DRIVING DEVICE DRIVEN DEVICE Vv, "HIGH" DRIVEN'HIGH" 
cc 


DRIVING DRIVEN 
DEVICE DEVICE 
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Am9310/16 STATE DIAGRAMS Am9310/16 LOADING RULES (in unit loads) 


Output Drive (note) 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW. 
MR 1 — 
Am9310 


OLOMINI AD! alk] @W] Nd 


— jf 
=—=/| © 


10 
10 
10 
10 
_- 10 
16 -_ ~~ 


Note: 10 loads are allowed on any output, but the total 
number of loads on all outputs must not exceed 30. A unit 
load is defined as 40zA at 2.4V and 1.6mA at 0.4V. 


MSI INTERFACING RULES 


ar ee oe ee eG 
ao}| >] oo] ph 


Equivalent 
Interfacing Input Unit Load 


Digital Family HIGH LOW 
Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 
The state diagrams show the count sequence after the count- TI Series 54/7400 
ers are preset to any one of the sixteen possible states. Signetics Series 6200 
National Series DM 75/85 


DTL Series 930 


Figure 7 


Am9310/16 BASIC CELL TRUTH TABLES 


Mode Selection 
PE Mode 


H Count 

H Count Inhibited 
H Count Inhibited 
L Presetting 


H = HIGH Voltage Level 
MASTER— L = LOW Voltage-Level 


FLlsron ere a eer ieee 


JK Flip Flop 
Q, (tn+1) 


Q,(tn) No change 
L 


H 


: Q,(tn) Toggie 
This basic cell illustrates how data is 
entered and controlled internally. Count J=J, ed, ed, 


enable gating is also shown. 
K=K, °K, °K, TABLE | 


Figure 8 
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MULTI-STAGE SYNCHRONOUS COUNTER 


CEP 
CET Am9310/9316 Tc 
cP 


CEP 
CET Am9310/9316 Tc 
cP 


MORE 
SIGNIFICANT 
STAGES 


Am9310/9316 Tc 


Tc 


CET 
cP. 


CET Am9310/9316 
cP 


tst Stage 2nd Stage 3rd Stage 4th Stage 


Figure 9 


Am9310/9316 APPLICATION 


Counter stages can be cascaded, as shown above, to provide multiple stage BCD or Binary synchronous counting by 
using the 9310 or the 9316 respectively. With a TC fan-out of six the above scheme allows seven stages to operate at the 
maximum frequency equivalent to a two stage counter. 


Each stage is enabled for counting when both its CEP and CET inputs are HIGH. CEP of subsequent stages are HIGH when 
the first stage is at Terminal Count. CET of a stage is HIGH when all of its preceding stages (first stage not included) are 
at Terminal Count. 


This indicates that CET, is enabled by TC,_,. TC,., in turn is HIGH when CET,_, is enabled. CET, _, is enabled by TC,_., 
until the second stage, where the CET, is always open (HIGH). This TC/CET look ahead ripple is initiated when the 
second stage reaches Terminal Count and must arrive at the CET input of the last stage before the first stage reaches 
Terminal Count again. This will happen ten clock pulses (sixteen for the 9316) after the look ahead ripple is initiated. 


A multi stage counter as illustrated above can operate at a typical clock frequency of 20 MHz. 


PHYSICAL DIMENSIONS 


Hermetic Dustin-tine Molded 


070 
040 030 


Metallization and Pad Layout 
74 x 124 Mils 
ms TC 4, e 


a ADVANCED 

MICRO 
“rt DEVICES INC. 
ae 901 Thompson Place 
eee Sunnyvale 
aay California 94086 
0 (408) 732-2400 


TWX: 910-339-9280 
TELEX: 34-6306 
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Am93L10/93L16 


Low-Power BCD Decade Counter/Four-Bit Binary Counter 


Jistinctive Characteristics 


e 100% reliability assurance testing in compliance with 
» 75 mw typical power dissipation. MIL STD 883 


» 13 MHz typical count rate e Fully synchronous counting and parallel loading 


FUNCTIONAL DESCRIPTION 


The Am93L10 and Am93L16 are four-bit synchronous up-counters. The ‘ 
93L10 is a modulo 10 counter and the 93L16 is a hexadecimal counter. Am93L10 
Each counter contains four master-slave flip-flops driven by a common 
clock input (CP). When CP is LOW, data is entered into the masters of the 
flip-flops. If the parallel enable (PE) is HIGH, then data is entered into 
each master from the slaves of the other flip-flops via J and K type inputs. 
If PE is LOW, then data is entered into the masters via the D-type parallel 
inputs (Po, P1, Pz, P3). When the clock changes from LOW to HIGH, the 
data in the masters is transferred to the slaves and the outputs (Qo, Q:, 
Qz, Q3). The masters are inhibited from change as long as the clock is 
HIGH. In the count mode (PE HIGH), there are two count enables, count 
enable parallel (CEP) and count enable trickle (CET). Both must be HIGH 
for counting to occur. The terminal count state of each device (9 for the 
93L10 and 15 for the 93L16) is decoded and ANDed with the CET input to 
produce a terminal count output (TC), Long synchronous counter systems 
are constructed by connecting the TC output of the first counter to the CEP 
inputs of all other counters and the TC output of each counter after the 
first to the CET input of the next counter. Both counters have an asyn- 
chronous master reset (MR) which clears all four flip-flops independent of 
any other inputs. 


For proper operation, the PE input must not change from LOW to HIGH 
during the clock LOW time unless the Pi inputs are identica! to the Qi out- 
puts. If CEP and CET are both HIGH at any time during the clock LOW time, 
(and PE is HIGH), then the count will increment when the clock goes HIGH. 


LOADING RULES 
In Unit Loads (Notes) 


TTL LOADS 93L LOADS 


Input Load Factor 


CEP, MR 1.0 1.0 

CET, CP, PE 2.0 2.0 

Po, P,, Po, P3 0.68 0.68 CET Am9S3L10/93L16 Tc 

Output Drive HIGH LOW ae ee ae Veco = PIN 16 


GND = PIN8 


Qo Q,, Q,, Q,, TC 


NOTES: 
t) Niehn unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 uwA 
I 


GH. 
2) A 93L unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 wA 
IGH 


3) Enough output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a V., of 0.3 V. 


ORDERING INFORMATION MAXIMUM RATINGS (Above which the useful life may be impaired) 
: Storage Temperature —65°C to +150°C 
Am93L16 —55° 125° 
Package Temperature? ; Order Temperature (Ambient) Under Bias 55°C to + Cc 
Type Range ®.** Number Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —-0.5Vto+7V 
16-Pin Molded DIP 30°C 'to++75°C, ©, U6M93L1059X U6M93L1659X 


“eee i i tat —0.5 Vto +V, 
0° to +75°C* “ U7B93L1059X — U7B93L1659X DC Voltage Applied to Outputs for High Output State 0 0 +Vec Max 


16-Pin Hermetic. DIP.” ‘55°C ta.+125°C U7B93L1051X U7B93L1651X DC Input Voltage —0.5 Vto +5.5V 
16-Pin Hermetic Flat Pak. .<55°C to +125°C U4L93L1051X_  U4L93L1651X 
“Dice © 2" Note UXX93L10XXD UXX93L16XXD Output Current, Into Outputs seus 


DC Input Current (Note 1) —30 mA to +5.0 mA 


16-Pin Hermetic DIP 


Note: The dice supplied will contain units which meet both 0°C to +75°C ; . 
and —55°C to +125°C temperature ranges. Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L1059X, Am93L1659X T,=0°C to +75°C Veco = 4.75 V to 5.25 V 


Am93L1051X, Am93L1651X T,= 55°C to +125°C )=—- Vo. = 4.50 V0 5.50 V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Vec = MIN., Io, = —0.36 mA 
Output HIGH Voltage ce OH Volts 
Vin = Vin Or Viz 
Output LOW Voltage Vec = MIN., lo, = 4.92 mA Volts 
Vin = Vin OF Vi 
Input HIGH Level Guaranteed input logical HIGH Volts 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW Volts 
voltage for all inputs 
93L Unit Load 
| = MAX., Vi. = 0.3 V mA 
(Note 2) Input LOW Current Vee " 
93L Unit Load 
= MAX.,, Vw = 2.4 V A 
Input HIGH Current Veg = MAR Via a 
Input HIGH Current ~ Vee = MAX., Vin = 5.5 V mA 
Output Short Circuit Current Voc = MAX., Voy = 0.0 V mA 
Power Supply Current Voc = MAX. 
Notes: 1) Typical limits are at Vo, = 5.0 V, 25°C ambient and maximum loading. 
2) Actual Input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 
SWITCHING CHARACTERISTICS (r, = 25°c) 
Parameters Description Test Conditions Min Typ Max Units 
lta ——_—'| Turn On Delay—Q Outputs Veo = 5.0 V, C, = 15 pF 20 40 55 ns 
toa (TC) Turn Off Delay TC (Refer to Figure 1) 40 80 95 ns 
Veco = 5.0 V, C, = 15 pF 
t,(CE) Set-up Time CEP or CET (Refer to Figure 2) 10 50 ns 
_ Veco = 5.0 V, C, = 15 pF 
Turn-on Delay for MR (Refer to Figure 1) 26 52 95 ns 
Turn Off Delay for CET to TC Voc = 5.0 V, C, = 15 pF 18 35 55 ns 
Turn On Delay for CET to TC (Refer to Figure 4) 20 40 ns 
Count Frequency Vec = 5.0 V, C, = 15 pF 8 13 MHz 


HHH ! 
PITTTTT} 


LGAO A HIGH 


COUNT 


LOAD A LOW 


Figure 3 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


CEP - CET 


INHIBIT COUNT ENABLE COUNT 


Figure 2 Figure 4 
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Am93T1 -Am54/74154 


Demultiplexer/One of Sixteen Decoder 


Distinctive Characteristics: 


@ 100% reliability assurance Testing including e Mixing privileges for obtaining price discounts. 


high-temperature bake, temperature cycling, Refer to price list. 
centrifuge and package hermeticity testing in e Electrically tested and optically inspected dice for 
compliance with MIL-STD-883. the assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am9311 Demultiplexer/One-of-Sixteen Decoder accepts 
four inputs and selects one of sixteen mutually exclusive 
active LOW outputs as shown in Table Il. The Am9311 is 
enabled by a LOW signal on E, and E, inputs. 

Incoming data on either E, or E, with the other enable input 
held LOW can be demultiplexed to any one of the sixteen 
outputs, zero through fifteen, with binary addressing at inputs 
Ay, A;, A, and A;. This demultiplexing capability is shown 


in Figure 9. 
Veco = PIN 24 
12345 6 7 8 8 101113 14151617 GND = PIN 12 


LOGIC DIAGRAM 


Am9311/Am54/74154 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


~ 


n93it Am54/74154 
Package Ambient "Or Order 
Type Temperature um Number 


Molded DIP O0°Cto +75°C 19311 SN74154N 
Hermetic DIP 0°C to +75°C SN74154J 
Hermetic DIP —55°C,ta 125°C: -6N931151X SN54154J 

Flat Pak —55°C to’ +1256" U4M931151X SN54154W 
Dice : SN74154D 


aon OT B&B WwW N 


Note: The dice supplied will contain units which meet both 0°C to : . 
+75°C and —55°C to +125°C temperature ranges. NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150° 


Temperature (Ambient) Under Bias —55°C to +125° 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5Vto +7 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec mi 
DC Input Voltage —0.5 Vto +5.5 
Output Current, Into Outputs 30n 
DC Input Current —30 mA to +5n 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am931159X Am74154 T, =—0°C to +75°C Veco =5.0V 5% 
Am931151X Am54154  T, = —55°C to +125°C Veg =5.0V £10% 


Parameters Description Test Conditions Min TYP (Note 1) Max Units 
Vou Output HIGH Voltage vec MIN lone 0 ome 2.4 3.6 Volts 
Vin = Vin OF Vit = 
Vii Output LOW Voltage Veo = MIN., Io, = 16.0 mA sae pa Voie | 
Vin = Vin OF Vin 
Wes Input HIGH Level Guaranteed input logical HIGH 20 Volts 
voltage for all inputs 
Sey 
Ve Input LOW Level Guaranteed input logical LOW 0.8 Volts 
voltage for all inputs 
Unit Load 
I, (Note 2 Voc = MAX., Vy = 0.4 V —1.0 —1.6 mA 
ee? Input LOW Current. co =M im 
Unit Load 
Voc = MAX., Vin = 2.4 V 6.0 40 A 
I, (Note 2) | Input HIGH Current Loe IN | ee 
Input HIGH Current | Veco = MAX,, Vin = 5.5 V 1.0 ci mA | 
Ike, {Output Short Circuit Current | Veco = MAX., Voyr = 0.0 V — 20 —70 mA =a 
Am931151X Am54154 35 49 1. 
loc Power Supply Current Veco = MAX. i + mA 
Am931159X Am74154 35 56 


Notes: 1) Typical Limits are at Veg = 5.0 V, 25°C Ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


Switching Characteristics (1, = 25°c) 


Parameters Test Conditions Min Typ Max Units 


tha, (AO) Turn Off Delay A input to output 
t,g_ (AO) Turn On Delay A input to output Veco = 5.0 V, C, = 15 pF 
a 


od 4 (EO) Turn Off Delay Enable input to output Refer to Figure 6 
tig (EO) Turn On Delay Enable input to output 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used with Vcc to 
indicate high Vee value. 

I Input. 

L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vc¢c value. 

O Output. 


\ 


FUNCTIONAL TERMS: 

Decoder/Demultiplexer On the basis of an applied instruction, 
channels of communication are selected which connect certain 
sources of information to certain destinations e.g., the distribution 
of timing signals; the interconnection between arithmetic registers. 
E,, E, Enable inputs. The device is enabled when both the Enable 
inputs are LOW. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

Input Unit Load One T’L gate input load. In the HIGH state it is 
equal to40zA at 2.4Vandin theLOW state it is equal to1.6mA at 0.4V. 
Oj Active LOW output of Demultiplexer/Decoder j = 0-15. 


OPERATIONAL TERMS: 

Io Output HIGH current forced out of output in V4,, test. 

Jo, Output LOW current forced into the output in Vj, test. 

1,4, Reverse input load current with Vo,applied to input. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vi4 Minimum logic HIGH input voltage. Refer to Figure 7. 

V,, Maximum logic LOW input voltage. Refer to Figure 7. 

Vou Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level) 

tog, (AO) The propagation delay from input address transition to 

the output LOW to HIGH transition. 

t,g_(AO) The propagation delay from input address transition to 

the output HIGH to LOW transition. 

t.4,(EO) The propagation delay from input Enable LOW to HIGH 
transition to the output LOW to HIGH transition. 

t,g-(EO) The propagation delay from input Enable HIGH to LOW 
transition to the output HIGH to LOW transition. 2-87 


PERFORMANCE CURVES 


Input/Output Characteristics 


Output Current Versus Output Current Versus 
Input Current Versus Output Voltage Output Voltage 
Input Voltage Output Low Output High 


IMIT (Voy. 


| 


SPEC LIMITS 
Am931159X 
Am931151X 


I)jy — INPUT CURRENT — mA 


lout — OUTPUT CURRENT — mA 
loyt — OUTPUT CURRENT ~ mA 


10 -35 
20 30 4, i . i 1015 10010 30 50 70 90 
Vin — INPUT VOLTAGE — VOLTS Vout — OUTPUT VOLTAGE — VOLTS Vout ~ OUTPUT VOLTAGE — VOLTS 


Figure 1 Figure 2 Figure 3 


Switching Characteristics 


Typical Turn On Delay . Typical Turn Off Delay 
Versus Temperature Versus Temperature 


C LIMITS 
M931151X 


SPEC LIMITS ; 
C LIMITS 


Am931159X 


Z|SPEC LIMITS 
f> Am931151X 
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togt —TURN OFF DELAY - ns 


0 ce] 
—55 -35 -15 5 25 45 65 85 105 125 i —55 -35 -155 25 45 65 85 105 125 
T, — AMBIENT TEMPERATURE — °C Ta ~ AMBIENT TEMPERATURE — °C 


Figure 4 Figure 5 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 


Vin 


VIN 


15V — 


E TO OUT 


Am9311 1/16 DECODER 
Vout 


012345 6.7 8 9101112131415 


1N) == 


PULSE GEN CHARACTERISTICS 
Freq. = 1 MHz 
Pulse Width ~ 100 ns 
1, = t,<15ns 
Amplitude ~4V Veo = PIN 24 


*Includes all probe and jig capacitance GND = PIN 12 
Figure 6 


Am9311 LOADING RULES (in unit loads) TRUTH TABLE 
OUTP 
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Input/Output Pin No.’s Unit Load HIGH LOW 


Dour 1 —_ 20 10 
_ 20 10 
_ 20 10 
20 10 
20 10 
20 
20 
20 


7] 
i=) 
m| 
ad 

> 
ix 

> 
s 


Tour 
Zour 
Sour 
4our 
Sour 
Sour 


Tout 


O} Olin] OD) oO} A] Oo] pw 


Bour 


Sour 
106ur 
GND 


Perr rrrr corr rerrererr xcs 
Prerrrrrrrcrrerrrereesocere 
Breer errr er sr rr orKKm | SP 
maerrcetrerrctrrrereerEx™xx 
mrermrrrrzrerrrerrcece xxx 
mBmerrrerrrerrcerrcer xxx 
Brrr rTTTrTrTrTrTTTITrxoIsrsz|o}l 
po ali a odie athe whe nthe ofa alba albe nlbe ole wily oi= ol pdb othe wn om oll | 
BETTE TTTTTTTTNKTTVII NI 
Rrrrrerrrrrrrrzrrses.t| wi 
fa alm aes des ale he ee mii oe oie od ead aie abe olin aie we oe ol | 
RErr rrr rerrrrrTrTrTrTTrsj wa 
es a ai ml ie em ae on 8 elm aa abe alm in oe od aim oa od -) | 
ne a Re ae i lm ie El ae win om wiles om ode wie ww oo | 
Bret errrrrwrrTrTrTTrTTrIezr.| o!} 
Brrr arrr rrr rrrrTrTerIrrs| wl 
BmrrrrrrrrrTrrTTTrTrrs.= 
mmerrrrrrrrerrtrrrtzIrsrs 
pe ale olin ot peal wie nike nibs alk lb albe akbo lhe ie alle nib alke olee Ee 
fe oie ll page ol ibe eds aie edhe adhe ibe adhe abe ade mle abe ohm ole oles 29 
Brirrrrrmrrrserrrsrsrst.t 
reer rrrtrrrrrrtrsrt.t 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


Table II 


MS! INTERFACING RULES 


Equivalent 
Interfacing Input Unit Load 
Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500 Series 1 1 
FSC Series 9900 | 1 9 
Ti Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 


Table | DTL Series 930 


Table Ill 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN*“LOW” 


MINIMUM LOGIC 
“HIGH OUTPUT . 
VOLTAGE You; 


wands 
NOISE MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level} VOLTAGE 


Vv 
MAXIMUM LOGIC = GND > 
“LOW” OUTPUT MAXIMUM LOGIC 


VOLTAGE Oly Be WaUOE” Current Interface Conditions — HIGH 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


IMMUNITY OUTPUT DRIVING INPUT LOAD 
(Low levef} “HIGH" DRIVEN"HIGH® 


DRIVING DEVICE DRIVEN DEVICE 
Vig 
Vita 
DRIVING DRIVEN 


DEVICE DEVICE 


Figure 7 
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Am9311 APPLICATIONS 


Decode any 4 bit BCD code 
ADDRESS 


OUTPUT SELECTION 
BCD CODE 
DECIMAL EXCESS 
DIGIT 3 


Ag Ay Ag Ag 


Am9311 1/16 DECODER 


OUTPUTS 
Decode any BCD code using a 9311 element. 
Any 4 bit BCD code may be decoded by se- 
lecting outputs, examples are shown In the table. Figure 8 


OPNDONAWN=AS 
COnNAMRWON +O 
AN FAN AN L=O 


=a 


Clock Demultiplexing 


ADORESS 


Po =—Py PQ 
Am9316 UP BINARY 
Ag Ay Ag A3 COUNTER 
Q QQ Qo 
Am9311 1/16 DECODER 


Py = Pg Pg 


The Am9311 can be used as a clock demultiplexer. The binary address designates to which register or counter 
the clock is sent. Up to 5 register counter stages can be driven by one decoder output allowing word lengths 
of 20 bits to be controlled. Any sequential circuit in the 9300 MSI family can be used in this configuration. 


Figure 9 


PHYSICAL DIMENSIONS 


Dual-In-Line 
Hermetic Molded 


snd 


w]e gee 
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Advanced Micro Devices can not assume responsibility for use of any circultry described other than circuitry entirely embodied in an Advanced Micro Devices product. (4) 


Am93LT1 


Low-Power One-of-Sixteen Decoder 


Distinctive Characteristics: 
e 100% reliability assurance testing in compliance with 


e 58 mw typical power dissipation. MIL STD 883. 


e 50 ns typical propagation delay. e Compatible with 7400 and 9300 series devices 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The AM93L11 one-of-sixteen decoder/demultiplexer accepts 
a four-bit code on the four address inputs Ao, Ai, A,, A; and 
turns on a corresponding active LOW output. The outputs are 
designated by the decimal equivalent of the binary code 
which selects them. All non-selected outputs will be HIGH. 
The device is enabled by LOW levels on both enable pins Eo 
and E.. If either enable is HIGH, then all outputs will be HIGH. 
Data can be demultiplexed by applying an address to the 
address inputs and a data stream to one of the enable inputs, 
with the other enable held LOW. The output corresponding to 
the address will then follow the input data. 


LOADING RULES LOGIC SYMBOL 
In Unit Loads (Notes) 


TTL loads 93L loads 
Input Load Factor HIGH LOW HIGH LOW 


All Inputs 0.5 0.25 1.0 1.0 oh ha 
Output Drive HIGH LOW HIGH LOW Amg3L11 
1/16 DECODER 
All Outputs 10.0 3.0 20.0 12.0 


NOTES: 
NA ath unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 123466789 10111314181617 


2) A 83 unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 yA 


3) Enough output LOW current is available to mix TTL and 93L toads and Voc = PIN 24 
still meet the 93L requirement of a Vo, of 0.3 V. GND = PIN 12 


Am93L11 ORDERING INFORMATION MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ~65°C to +150°C 


Temperature (Ambient) Under Bias ‘ ~55°C to +125°C 
Package Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —-0.5Vto+7V 
Type & , DC Voltage Applied to Outputs for High Output State . 0.5 V to +Vo_ max 
24-Pin Hermetic DIP 7 75°C ©, U6N93L1159X se icaie : 
24-Pin Hermetic DIP U6N93L1151X Output Current, Into Outputs 30, mA 
24-Pin Hermetic Flat Pak== U4M93L1159X DC Input Current (Note 1) —30 mA to +5.0 mA 
UXX93L11XXD 


Note: The dice supplied will contain units which meet both 0°C to +75°C and 


55°C to +125°C temperature ranges. Note 1. Maximum current defined by DC jnput voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am93L1159X_ _ T, = 0°C to +75°C Veg = 4.75 V to 5.25 V 
Am93L1151X - T, = —55°C to +125°C §=— Veg. = 4.50 V to 5.50 V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Veco = MIN, loy = —0.4 mA 
Vin = Vin OF Vit 


Voc = MIN. Io, = 4.92 mA 


Output HIGH Voltage 


Output LOW Voltage 


Vin = Vin OF Vit | 
Input HIGH Level Guaranteed input logical HIGH Volts 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW Volts 
voltage for all inputs 
93L Unit Load 
Voc = MAX,, Vin = 0.3 V mA 
Input LOW Current = ms 
93L Unit Load 
Veo = MAX., Vin = 2.4 V A 
Input HIGH Current a IN e 
Input HIGH Current Voc = MAX,, Vin = 5.5 V mA 
Output Short Circuit Current Veg = MAX., Voyr = 9.0 V mA 


Power Supply Current Veco = MAX. 


Notes: 1) Typical limits are at Veg = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS (7, = 25°c) 
Parameters Description Test Conditions Min. Typ. Max. Units 


pe (€0) | Enabioto Ouput Low | 


SWITCHING TIME WAVEFORMS 


ATO OUT 


ETO OUT 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am9312 


Eight-Input Multiplexer 


Distinctive Characteristics: 


e 100% reliability assurance testing in compliance with 
¢ 10ns typical propagation delay MIL-STD-883 


e Both true and complement outputs provided © Can be used to generate any function of four variables 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am9312 is a high-speed eight-input multiplexer or data 
selector. A three-bit select code, So. S, S:, determines which 
one of the eight inputs, lb through |, will be routed through 
to the outputs. Both true and complement outputs are avail- 
able; the_complement output is slightly faster. An active LOW lo 4 Io 13 4 Ig Ig 7 
enable (E) is provided. When the enable is HIGH, the two So 

outputs go to their inactive levels, with the Z output LOW Am9312 84NPUT 

and the Z output HIGH. The device can also be used to MULTIPLEXER 
generate any logic function of four variables. Z 4 


23 45 67 9 


Veg = PIN 16 
GND = PINS 


LOGIC DIAGRAM 
Ig '5 


ptt | 


Am9312 ORDERING INFORMATION CONNECTION DIAGRAM 


Top View 
Package Temperature Order S. S E 
Type Range oiNumber d 

tte a 

16-pin Molded DIP 0°C to +759G0* U6M931259X 10 
16-pin Hermetic DIP 0°c. fos¥.75°C. ©, U7B931259X 
16-pinHermetic DIP . ere ‘to piD5°C U7B931251X 
16-pin Hermetic Flat Pak@,—* yes —55°Gt0'-F 125°C U4L931251X 
Dice oe" SS Note UXX9312XXD 


& 


Note: The dice supplied will contain units which meet both 0°C to Ig GND 
+75°C and --55°C to +125° temperature ranges. 


NOTE: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature ; —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to + 125°C 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vec max 


DC Input Voltage -0.5 V to +5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current : —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am931259X  T,=0°C to + 75°C Veo =5.0 V £5% 
Am931251X  T,=>55°C to +125°C - Veg $5.0 V 110% 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Veo = MIN., lo, = —0.8 mA 
GH Volta cc »!OH : 
Von Output HI oltage Vin = Vin OF Vy, 2.4 3.6 Volts 
Vo Output LOW Voltage Veg MINS Toy == 16,0. A 0.2 0.4 Volts 
Vin = Vin OF Viv ; 


Guaranteed input logical HIGH 


Vin Input HIGH Level : 2.0 Volts 
voltage for all inputs 
Vie Input LOW Level Guaranteed input logical LOW 0.8 Volts 
: : ; voltage for all inputs 
Unit Load Voc = MAX., Viy = 0.4V 1.0 1.6 mA 


ie Input LOW Current = 7 


Unit Load 
Veco = MAX., Vi = 2.4 V 6.0 40 A 
Input HIGH Current i 2 ‘i 


Input HIGH Current Veco = MAX,, Vin = 5.5 V 1.0 mA 


Output Short Circuit Current Veco = MAX., Voy = 0.0 V —100 mA 
lee Power Supply Current Voc = MAX. 27 44 mA 


Notes: 1) Typical limits are at Veg = 5.0 V, 25°C ambient and maximum loading. 


Vis 


SWITCHING CHARACTERISTICS (T, = 25°c) 
(Voc = 5.0 V, C, = 15 pF (Refer to table for test conditions) Typ a aes 


Fst) [Tum off Olay—Stet puto TRUE Gupte] 
oe ee ne ee ee 
eae Turn Off Delay—Select Input to FALSE Output | 9 | tees 
Turn On Delay—Select input to FALSE Output a ee ee SS Se ee 
eaH(OT [Turn Of Belay—Data puto TRUE Output ——~—SCS*dSi te) Pe | 
fe (OT)— [Tur On DelayData inputto TRUE Output ——~S~—~srCSCiSiYS to | 
pax(OF) [Tur OW Delay—Data input to FALSE Ouput ————~—Sid S| | 
(OF) [Turn On Delay—Data Input to FALSE Output ———SSS*dS || | 
(ET) [Turn OF Delay—Enabio input to TRUE Guipet ~~ | a| 
fax (ET)_ [Tum On Delay—Enabie inputto TRUE Output ———~S*dCOC ee | 
ryH(EF) [Tur OW Delay-Enable input FALSE Output ~~~ 
PEF [Turn On Delay Enable input o FALSE Out ————S—SsdC 


DEFINITION OF TERMS 
SUBSCRIPT TERMS: 


H_ HIGH, applying to a HIGH-signal level or when used with Vcc 
to indicate HIGH Ve, value. 

1 Input. 

L LOW, applying to a LOW signal level or when used with Voc 
to Indicate LOW V.- value. 

O Output. 


FUNCTIONAL TERMS: 


Enable Input (E) Is active LOW to enable data selection from 
one of eight data inputs. Enable Input HIGH inhibits all data 
source selection. Refer to Truth Tabfe. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

iF Data Inputs designates one of the eight multiplexer data Inputs 
j= 0, 7. 

Unit load = One T’L gate input load, In the HIGH state it is equal to 
40uA at 2.4V and in the LOW state it is equal to —1.6mA at 0.4V. 
Z Output The logic TRUE output of the multiplexer. 

Z Output The complement of the Z output. 


OPERATIONAL TERMS: 


Io Output HIGH current, forced out of output in Vo), test. 

Io, Output LOW current, forced into the output in Vo, test. 

lec +The current drawn by the device under a +5.0 V power supply 
bias with input and output terminals open. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Viy Minimum logic HIGH input voltage. 

Vi, Maximum logic LOW input voltage. 

Voy Minimum logic HIGH output voltage with output HIGH current 
low flowing out of output. 


Vo. Maximum logic LOW output voltage with output LOW current 
Jor into output. 


SWITCHING TERMS: (Al! switching times are measured at the 1.5 V 
logic level). 

t.a4(ST) The propagation delay from a Select Input signal transi- 
tion to the corresponding TRUE output LOW-HIGH transition. 

t.g_ (ST) The propagation delay from a Select Input signal transi- 
tion to the corresponding TRUE output HIGH-LOW transition. 

toa4 (SF) The propagation delay from a Select Input signal transi- 
tion to the corresponding FALSE output LOW-HIGH transition. 
tng_(SF) The propagation delay from a Select Input signal transi- 
tion to the corresponding FALSE output HiIGH-LOW transition. 
t.4,(DT) The propagation delay from a Data Input signal transition 
to the TRUE output LOW-HIGH transition. 

t.g_ (DT) The propagation delay from a Data Input signal transition 
to the TRUE output HIGH-LOW transition. 

toa4(DF) The propagation delay from a Data Input signal transition 
to the FALSE output LOW-HIGH transition. 

t.g—(DF) The propagation delay from a Data !nput signal transition 
to the FALSE output HIGH-LOW transition. 

t,4,. (ET) The propagation delay from an Enable Input signal tran- 
sition to the TRUE output LOW-HIGH transition. 

t.4_(ET) The propagation delay from an Enable Input signal tran- 
sition to the TRUE output HIGH-LOW transition. 

toa 4 (EF) The propagation delay from an Enable Input signal tran- 
sition to the FALSE output LOW-HIGH transition. 

toa— (EF) The propagation delay from an Enable !nput signal tran- 
sition to the FALSE output HIGH-LOW transition. 


PERFORMANCE CURVES 


Input Characteristics 
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J SPEC LIMITS (Vp. tp) 
Am931259X , Vo¢ = 5.25V 
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Output Characteristics 


Am931251X 


INPUT NOT Tt | [Lf] 
SELECTED (25°C) | | [FI | 
2) >See 
Iris see | 
Spee reas 
25°C 
nim Bae | 


| / {SPEC LIMITS (Vp. Ip) 
| Pp Am931251X, Veg = 5.5V 
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m+TYPICAL 


Sigg ee eo 


—2.0 ie) 2.0 4.0 6.0 8.0 
Vin > INPUT VOLTAGE - VOLTS 


SPEC LIMIT (Voy, Igy) 


PV xpaee 8 
pepe _| 
pole eC ec abtalse 
Cow anne 


SPEC LIMITS (Vo. lot) 


Fs Am931258X, Voc = 4.75V 


Am931251X, Voc = 4.5V 


lout - OUTPUT CURRENT - mA 
Iqyt - OUTPUT CURRENT - mA 
IquT- OUTPUT CURRENT - mA 


0 
1.0 3.0 5.0 7.0 3.0 5.0 7.0 F 1.0 1.5 


ae aa VOLTAGE - VOLTS 


Vout - OUTPUT VOLTAGE - VOLTS Vout - OUTPUT VOLTAGE - VOLTS 
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PERFORMANCE CURVES 


Switching Characteristics 


Turn Off Delay Turn On Delay | Turn Off Delay 
Data Input to FALSE Output Data Input to FALSE Output Select Input to FALSE Output 


SPEC LIMIT 
Am931 


SPEC LIMIT 
Am931251X 


tog+(SF) - TURN OFF DELAY - ns 


SPEC LIMIT 
Am931259X 


togs(DF) - TURN OFF DELAY - ns 
tyg_(DF) - TURN ON DELAY - ns 


0 0 0 
-§5-35 -15 5 25 45 65 85 105 125 -55-35-15 5 25 45 65 85 105 125 —55-35-15 5 25 45 65 85 105125 
Ta - AMBIENT TEMPERATURE - °C Ta - AMBIENT TEMPERATURE - °C Tp - AMBIENT TEMPERATURE - °C 


Turn On Delay Turn Off Delay Turn On Delay 
Select Input to FALSE Output Select Input to TRUE Output Select Input to TRUE Output 


Voc = 5.0V ae a a Voc = 5.0V—_isPEC LIMIT pated 

Co=15pF_specumit|_| | § C.=15pF__lamosizsix|__| | 
Am931251X Da A roe 
7 | > - 


el il 
Re Ge ee 
ag 


| in| |_| Perec timir 
| tt spec uimir _Am931259xX 
Am931259X ee 


0 0 i) 
-55-35-15 5 25 45 65 85 105 125 65-35-15 5 25 45 65 85 105 125 -55-35~-15 5 25 45 65 85 105 125 
T, - AMBIENT TEMPERATURE - °C Ta - AMBIENT TEMPERATURE - °C Tp - AMBIENT TEMPERATURE - °C 


tpg+(ST) - TURN OFF DELAY - ns 
tog—(ST) - TURN ON DELAY - ns 
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Turn Off Delay Turn On Delay 
Enable Input to FALSE Output Enable Input to FALSE Output 


a a 
IWS 


Am9312 


eae ae 
jp MAX ae 


togs(EF) - TURN OFF DELAY - ns 
tod—(EF)- TURN ON DELAY - ns 


i?) 0 
-55-35-15 5.25 45 65 85 105 125 —55 -35-15 5 25 45 65 85 105°125 
Ty, - AMBIENT TEMPERATURE - °C T, - AMBIENT TEMPERATURE - °C 


MS! INTERFACING RULES Am9312 LOADING RULES 


. Equivalent Fanout 
bel input Unit Load input Output Output 
: y HIGH LOW Input/Output PinNo.s UnitLoad HIGH Low 


Advanced Micro Devices 54/7400 1 =. 
Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 1 
Tl Series 54/7400 1 
Signetics Series 8200 2 

1 

2 


National Series DM 75/85 
DTL Series 930 1 


TRUTH TABLE 


Inputs Outputs 
1 4 I I, t, 2(F)Z 
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HIGH Voltage Level 
LOW Voitage Level 
Don’t care 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
"LOW" DRIVEN'LOW" 


MINIMUM LOGIC 
“HIGH” OUTPUT OUTPUT LOAD 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
{High level) VOLTAGE 


Vity 


MAXIMUM LOGIC 
“LOW” OUTPUT ‘ MAXIMUM LOGIC 


VOLTAGE § “LOW” INPUT GND > 
ares VOLTAGE 
NOISE 
IMMUNITY 
(Low level) 
DRIVING DEVICE DRIVEN DEVICE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Current Interface Conditions — HIGH 


OUTPUT DRIVING INPUT LOAD 
"HIGH" ORIVEN"HIGH® 


DRIVING 
DEVICE DEVICE 


SWITCHING TIME WAVEFORMS 


SELECT 
INPUTS 


OATA 
INPUT 


ENABLE 
Intute 


r4 a 
OUTPUT 


a 
OUTPUT. 


TTuLg002 


Switching Measurement 
Connection Table 


t,yt(DT) tpg#(ST) t,4+ (ET) 


toat (DF) toat (SF) that (EF) 
Switch 1 A B B 


Switch2 C Cc D 


PHYSICAL DIMENSIONS 
Dual-In-Line 


070 
035 


Metallization and Pad Layout 


Vec 


ADVANCED 

MICRO 

DEVICES INC. 

901 Thompson Place 

Sunnyvale 

California 94086 

(408) 732-2400 

TWX: 910-339-9280 

68 x 73 Mils TELEX: 34-6306 


2-98 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(4) 


Am93L12 


Low-Power Eight-Input Multiplexer 


Distinctive Characteristics 


e 100% reliability assurance testing in compliance with 
e 45 mw typical power dissipation. MIL STD 883 


© 30 ns typical propagation delay. e Fan-out to three standard TTL loads. 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am93L12 is a low-power eight-input multiplexer or data 
selector. A three-bit select code, S) S, S:, determines which 
one of the eight inputs, lb through b, will be routed through 
to the outputs. Both true and complement outputs are avail- 
able; the complement output is slightly faster. An active LOW 
enable (E) is provided. When the enable is HIGH, the two 
outputs go to their inactive levels, with the Z output LOW 
and the Z output HIGH. The device can also be used to 
generate any logic function of four variables. 


OPERATION TABLE 


(2) 
o 
Dn 

a 
nN 


Zz 
L 


CPreeerererer stim 

Se ar ri 

i eat a pli ilies eo pac 4 
iIrtrrreeeex 


| 
I 
| 
| 
| 
! 
l 
H I 


7 


H = HIGH voltage level 
L = LOW voltage level 
X = Don’t Care 


LOADING RULES LOGIC SYMBOL 
In Unit Loads (Notes) 


TTL toads 93L loads 
Input Loading HIGH LOW HIGH LOW 


All Inputs 0.5 0.25 1.0 
lo 'y 1p 13. 1a Ig Ig 'y 
Output Drive HIGH LOW HIGH LOW 
Am93L12 8-INPUT 
All Outputs 3 20 12 MULTIPLEXER 


NOTES: 
1) A TTL unit load is specified as 0.4 V at ~1.6 mA LOW, 2.4 V at 40 uA 
HIGH Vcc = PIN 16 


2) A 93L unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 wA GND = PIN8 
HIGH 


3) Enough output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a VQ, of 03 V 


Am93L12 ORDERING INFORMATION MAXIMUM RATINGS (Above which the usetul life may be impaired) 
- Storage Temperature —65°C to +150°C 
cy Temperature (Ambient) Under Bias —55°C to +125°C 


Package Temperature .v¢v*Order SIEGES InRICG Evi 
Type Range wiot - Number Supply Voltage it Ground aber in 16 to Pin 8) Continuous OVto+7V 
16-Pin Molded DIP o°C tok75°C a U6M93L1259X DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max 
16-Pin Hermetic DIP _,., OPC:to'+ 75°C “ U7B93L1259X DC Input Voltage —0.5V to +5.5V 
16-Pin Hermetic DIP, 2, ‘= 5°C-tox425°C =—U7B93L1251X Output Current, Into Outputs 30 mA 


pi . Tate Yeu nis ° 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125° temperature ranges. Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L1259X T, = 0°C to +75°C Vee = 4.75 V to 5.25 V 
Am@3L1251X T, = —S6°C to +125°C Voc = 4.50 V to 5.50 V 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Vec = MIN., lou = —0.4 mA 
Vin = Vin OF Vir 


Veo = MIN., Io, = 4.92 mA 
Vin = Vin Or Vir 


Output HIGH Voltage 


Output LOW Voltage 


_ Guaranteed input logical HIGH 
voltage for all inputs 


Input HIGH Level 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level 


93L Unit Load 
Input LOW Current 


93L Unit Load 


ie Veo = MAX., Vin = 0.3 V 


(Note 2) 


Veco = MAX., Vin = 2.4V A 
Input HIGH Current ee ny . 
Input HIGH Current Veco = MAX., Vin = 5.5 V mA 
Output Short Circuit Current Voc = MAX., Voy, = 0.0 V mA 


Power Supply Current Veco = MAX. 


Notes: 1) Typical limits are at Veg = 5.0V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS (1, = 25°C) (vce = 5.0 v, C. = 15 pF) 


Parameters Description Mi Units 


n Typ Max . 
toat (ST) Turn Off Delay—Select Input to TRUE Output HIGH ns 
toa7 (ST) Turn On Delay—Select Input to TRUE Output LOW en ee ee 110 ns 
tog~ (SF) Turn On Delay—Select Input to FALSE Output LOW 8 90 ns 
t,@t(DT) Turn Off Delay—Data Inputto TRUE Output HIGH =| 20s 40 90 ns 
t.j-(DT) Turn On Delay—Data Input to TRUE Output LOW nae eee ee ee 80 ns 


tea.(DF) Turn Off Delay—Data Inputto FALSE OutputHIGH | 11 | 22 | 55 ns 
t,g~(OF) Turn On Delay—Data Inputto FALSE Outputtow | 16 | 31 | 70 ns 


t.g+(ET) Turn Off Delay—Enable Input to TRUE Output HIGH 100 ns 
t.-(ET) Turn On Delay—Enable Input to TRUE Output Low | 23 | 45 | 100 ns 


t.at(EF) Turn Off Delay—Enable Input to FALSE Output HIGH | 18 | 36 | 90 ns 
toy (EF) Turn On Delay—Enable Input to FALSE Output LOW ae ae ee 80 ns 


SWITCHING TIME WAVEFORMS 


SELECT 
INPUTS 


ENABLE 
INP! 


[0 er 


oo 
OUTPUT 


2 ADVANCED 
OUTPUT MICRO 
: DEVICES INC. 

901 Thompson Place 

Sunnyvale 

California 94086 

(408) 732-2400 

TWX: 910-339-9280 

TELEX: 34-6306 
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Am9314 


Four-Bit Latch 


Distinctive Characteristics e 100% reliability assurance testing in compliance with 
e Each latch can be used as single line ‘‘D” latch MIL STD 883 
i e Electrically tested and optically inspected die for the 
: assemblers of hybrid products 
e Each latch can be used as Set/Reset latch with ¢ Mixing privileges for obtaining price discounts. 
reset override Refer to price list 


e Available in highly reliable molded epoxy, hermetic 
¢ Overriding common master reset dual-in-line or hermetic flat package. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The 9314 is a four-bit latch with a common active LOW 
enable and overriding active LOW master reset. Each of 
the four latches can be used as a single line “D” latch by 
tying the appropriate S input LOW, or as an active LOW 
Set/Reset latch with Reset override with the D input as the 
reset input and the S input as the set input. 

Data is transferred into the latch when the enable goes LOW Am9314 4-BIT:- LATCH 
and the !atch stores the information when the enable goes 

HIGH. With the enable HIGH the latch is no longer affected 

by the S and D inputs. When the Master Reset goes LOW all 


E Do Sp Dy $1 Dg So D3 $3 


Voc = PIN 16 


latches are reset independent ofall other input conditions. GND = PIN8 


LOGIC DIAGRAM 


CONNECTION DIAGRAM 
Top View 


: Qa, 
Package “Order 
Type . Number 
Molded DIP tort-75°C=, U6M931459X 
Hermetic DIP . O2e. C- U7B931459X 
Hermetic DIP _. O42 U7B931451X 
Hermetic Flat-Pa U4L931451X 
Di > UXX9314XXD 


j ee 
Note: The,dié@ supplied will contain units which meet both 0°C to +75°C 2 3 $ 
and’~55°C to + 125°C temperature ranges. ! | | | 
Ps 
5 ~ 


So 0 So 


NOTE: PIN 1 is marked for orientation. 
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MAXIMUM 


RATINGS 


(Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


—65°C to +150°C 
—55°C to +125°C 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


—0.5 Vto +7 V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc max 
DC Input Voltage -—0.5Vto +5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current Note 4 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am931459X T, = 0°C to +75°C Veg = 5.0 V +5% 
Am931451X T, = —55°C to +125°C Vip =5.0V 110% 
Parameters Description Test Conditions Min Typ (Note 1) Max Units 
Veco = MIN., loy = —0.8 mA 
Vv Output HIGH Volta ce "1 OH 2.4 3.6 Volts 
en mee ze Vin = Vin or Vir 
Vor Output LOW Voltage Voc = MIN., lo, = 16.0 mA 0.2 0.4 Volts 
L Vin = Vin OF Vit ale 
Vin Input HIGH Level Guaranteed input logical HIGH 2.0 Volts 
voltage for all inputs 
| | Guaranteed input logical LOW i = 
V Input LOW Level uaranteed Input logica 0.8 Volts 
: voltage for all inputs 
Unit Load 
I, (Note 2 Vee = MAX., Vy, = 0.4 V —1.0 —1.6 mA 
Ibs) Input LOW Current ce MAR Nin 
Unit Load 
Voc = MAX.,, Vin = 2.4 V 6.0 40 A 
ly (Note 2) Input HIGH Current ee mn . 
Input HIGH Current Veco = MAX,, Vin = 5.5 V 1.0 mA 
ae? Veco = MAX., 
Isc Output Short Circuit Current Vow =00V ~—30 —100 mA 
1 . 
35 55 
lec Power Supply Current Veco = MAX. mA 


Notes: 1) Typical Limits are at Veg = 5.0 V, 25°C Ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


SWITCHING CHARACTERISTICS 


Parameters Description 


(Ta = 25°C) (Vcc = 5.0 V, Ci = 15 pF) 


Min Typ Max Units 


Turn Off Delay Enable to Output 
Turn On Delay Enable to Output 
Turn Off Delay Data to Output 
Turn On Delay Data to Output 
_Set Up Time LOW Data to Enable 
Set Up Time HIGH Data to Enable 
Minimum Enable Pulse Width 
Minimum Master Reset Pulse Width 


See Fig.13 


See Fig. 13 


See Fig. 14 


Turn On Delay Master Reset to Output 


Master Reset Recovery Time 
Turn Off Delay Set Input to Output 
Set Up Time HIGH Data to Set Input 


See Fig. 15 
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DEFINITION OF TERMS 
SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH logic level or when used with Vec to 
indicate high Vcc value. 


I Input. 

L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 

O Output. 


FUNCTIONAL TERMS: 


E Active LOW Common Enable. When this input goes HIGH 
information present in the four latches is stored. 

D, Active HIGH Data Inputs. Can also be used as active LOW 
Reset Input in Set/Reset Mode. i = 0-3. 

S, Active LOW Set Inputs. This input is held LOW for “D” oper- 
ation. i = 0-3. 

Fan Out The logic HIGH or LOW output drive capability in terms 
of input unit loads. 


Input Unit Load One T2L gate input load. In the HIGH state it is 
equal to 40uA at 2.4V and in the LOW state it is equal to 1.6mA 
at 0.4V. 


Latch A storage element which stores one bit of data on receipt 
of a single transition on an Enable signal. 


MR Input The master reset input. 
Q,, Q,, Q,, Q,; Outputs The four outputs of the 9314 latch 
Q(t,) The output of a latch at time t,. 


Q(t,,,) The output of a latch at time t,,, when input conditions 
at time t, have been realized by the output. 


OPERATIONAL TERMS: 


I, Forward input load current, for unit input load. 

Io Output HIGH current, forced out of output in Vo, test. 

I4, Output LOW current, forced into the output in Vo, test. 

log The current drawn by the device under a-+5.0 V power supply 
bias with input and output terminals open. 

14, Reverse input load current with Vo, applied to input. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vi Minimum logic HIGH input voltage. Refer to figure 13. 

V,, Maximum fogic LOW input voltage. Refer to figure 13. 

Von Minimum fogic HIGH output voltage with output HIGH current 
lon flowing out of output. 

Vou Minimum logic HIGH output voltage with output HIGH current 
on flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 


Typical Input/Output Characteristics 


Input Current Versus Input Voltage 


D Figure 2 


ly - INPUT CURRENT - mA 
ly — INPUT CURRENT — mA 


1.0 0 1.0 2.0 3.0 A 
Vin -INPUT VOLTAGE -VOLTS 


0 1.0 2.0 3.0 
Vi — INPUT VOLTAGE — VOLTS 


SWITCHING TERMS 


t.a, (D) The propagation delay from the D input LOW to HIGH 
transition to the Q output LOW to HIGH transition. Refer to Figure 13. 
tig. (D) The propagation delay from the D input HIGH to LOW 
transition to the Q output HIGH to LOW transition. Refer to Figure 1% 
t,....(DE) The minimum time required for a LOW logic level to be 
present at a data input prior to the Enable transition from LOW to 
HIGH in order for the latch to retain a LOW logic level. 


ty yy. (DE) The minimum time required for a HIGH logic level to be 
present and remain present at a data input prior to the Enable 
transition from LOW to HIGH in order for the latch to retain a 
HIGH logic level. Refer to Figure 14. 


t, (DS) The time required for a HIGH logic level to be present at 
the D input prior to the Set input transition from LOW to HIGH in 
order for the latch to respond to the HIGH D input. Refer to Fig. 15. 
This parameter indicates how tong a set signal must remain after 
the over-riding reset signal is removed for the latch to respond to 
the set. 


toa, (E) The propagation delay from the Enable input HIGH to 
LOW transition to the Q output LOW to HIGH transition. Refer to 
Figure 5. 
tog (E) The propagation delay from the Enable input HIGH to 
LOW transition to the Q output HIGH to LOW transition. Refer to 
Figure 5. 


tow (E) The minimum time the Enable input must be LOW in order 
for data to be correctly entered into the latches. Refer to Figure 12. 


toa (MR) The propagation delay from the Master Reset input 
HIGH to LOW transition to the Q output HIGH to LOW transition. 
Refer to Figure 10. 

tow (MR) The. minimum time the Master Reset input must be LOW 
in order for the latches to be reset. Refer to Figure 10. 

te. (MR) The time required between the Master Reset input LOW 
to HIGH transition and the Enable input LOW to HIGH transition in 
order for the latches to respond to new data. Refer to Figure 11. 
teat (S) The propagation delay from the HIGH to LOW Set input 
transition to the Q output LOW to HIGH transition. Refer to Fig. 9. 


Output Current Versus Output Voltage 


Low State Figure 3 


High State Figure 4 


lout - OUTPUT CURRENT ~mA 
Igut ~ OUTPUT CURRENT ~ mA 


0 02 04 O86 0o8 10 
Vout - OUTPUT VOLTAGE - VOLTS 


Vout “OUTPUT VOLTAGE - VOLTS 
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‘Switching Characteristics 


The active input is driven by a 9002 
TTzL or equivalent gate with the 
output loaded with 15 pF (includes 
jig and probe). Outputs under 

test are loaded with 15 pF (includes 
jig and probe). Pins not reference 
are not connected. 

The TYP curves are for both 51X and 
59X grade devices. The MAX, MIN 
curves are for 51X grade devices only. 
The MAX, MIN curves for 59X grade 
are offset from the 51X grade curves 
by the parameter difference at 25°C. 


Data Input to Enable Input Figure 7 


tL" — LOW DATA SET UP TIME — ns 


Ty, - AMBIENT TEMPERATURE ~ °C 


Master Reset Input Pulse Width 
Master Reset Input to Output Figure 10 


yy 
c 

i) 
> 2 
so 
aE 
z°Q 
So = 
an) 
o2 
$5 
ao 
Oo | 
ac 
z 
1 
RB 
‘a 


Ty ~ AMBIENT TEMPERATURE - °¢ 


SWITCHING TIME WAVEFORMS 


Enable Input to Output Figure 5 


tog - PROPAGATION DELAY - ns 


Tp, - AMBIENT TEMPERATURE - °C 


Data Input to Enable Input Figure 8 


tH" — HIGH DATA SET UP TIME — ns 


Ta, - AMBIENT TEMPERATURE - °C 


Master Reset Recovery Time Figure 11 


t, - RECOVERY TIME - ns 


T, - AMBIENT TEMPERATURE - °C 


Switching Delays Figure 13 


Input Timing 


STORE A LOW 


Figure 14 


STORE A HIGH 


SETTING LATCH 


Data input to Output Figure 6 


tod - PROPAGATION DELAY - ns 


25 75 125 
T, - AMBIENT TEMPERATURE - °C 


Set Input to Output 
Set Input to Data Input Figure 9 


t,(DS) — SET UP TIME — ns 


tod+ — PROPAGATION DELAY — ns 


Ta, - AMBIENT TEMPERATURE - °C 


Enable Input Pulse Width Figure 12 


tow ~ PULSE WIDTH ~ ns 


-55 25 75 
Ta - AMBIENT TEMPERATURE ~ °C 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMH TOL 


may CHANGE WILL BE 


CHANGING 
FROM LTOH FROM L TOH 


DON'T CARE; CHANGING; 


ANY CHANGE STATE 
PERMITTED UNKNOWN 


NOT SETTING LATCH 


TRUTH TABLE Am9314 LOADING RULES (in unit loads) 
Output Drive 


Input Output Output 
Reset Input/Output Pin No.’s_  UnitLoad HIGH Low 


5 
=] 


Qin ty Operation 


Ll mi 


D Mode 


oO 


R/S Mode 


all o| oO 


nN 


mreerrlree|x</ mi 
<xiriwirl| xcr|x)o 
xIIrr| Xr] xX} wg 


GTITITITITLTr 


O10 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


—_ 
O10; ON! OD!) oO] Oo! wp] = 


TABLE | 


—_ 
= 


MS! INTERFACING RULES 


Equivalent 


Interfacing | Input Unit Load 
Digital Family HIGH LOW TABLE II 


af of ae] or] 
oO} om!) |] ©] Ph 


Advanced Micro Devices 54/7400 1 


Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 

TI Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


TABLE III 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
"LOW" DRIVEN’LOW™ 


OUTPUT LOAD 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


NOISE MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level} VOLTAGE 


Vit 

2 
MAXIM 
BOW OUT EOE Vv MAXIMUM me 
VOLTAGE Oly SLOW: NED a 
~— SOs VOLTAGE Current Interface Conditions — HIGH 
NOISE 

IMMUNITY OUTPUT DRIVING INPUT LOAD 

(Low level) s “HIGH™ DRIVEN’HIGH” 


DRIVING DEVICE DRIVEN DEVICE 


GND = 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


DRIVING DRIVEN 
DEVICE DEVICE 


Figure 13 
2-105 


Am9314 APPLICATIONS 


DATAIN 
1/6 $016 I LATCH ENABLE 


CepPE Pa Fy PoP a 
co 18316 UP BINARY 


eT COUNTER. TC CONVERSION COMPLETE 


YY .¢ 
5/6 9016 t iil 
E Ag A, AQAg E Ag Ay A243 DATA OUT 
9311 1/6 DECODER 9311 1/6 DECODER 
1305 7 9 111315 lie a ee A BEBE 4-BIT STORAGE LATCH 


E Dg Sg Dy S; D2 S, D3 $3 


9314 4-BIT LATCH 


——) | The figure illustrates the use of the 9314 
as a D type Storage Latch. Data is stored 
in the Latch when the enable line goes 
HIGH. 

Figure 15 


CONTACT BOUNCE ELIMINATOR 
Suis! ale etn The 9314 can be used to eliminate me- 
AMPLIFIER chanical switch bounce from a single 
ANALOG TO DIGITAL CONVERSION pole double throw switch. The Latch 
The figure illustrates a 12 bit high speed successive approximation A/D Converter using operation is that of an active LOW input 
the 9314 Quad Latch. Set/Reset Latch. 
Figure 14 Figure 16 


PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS 
Hermetic Dual-In-Line Molded Dual-in-Line 


PHYSICAL DIMENSIONS m= feu" — Metallization and Pad Layout 
Flat Package ? 55 x 90 Mils 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(1) 


Am93L14 


Low-Power Four-Bit Latch 


Distinctive Characteristics 
e 50 mw typical power dissipation. 


® 32 ns typical propagation delay. 


FUNCTIONAL DESCRIPTION 

The Am93L14 is a four-bit latch with a common active LOW 

enable and overriding active LOW master reset. Each of 
| the four latches can be used as a single line “‘D” latch by 
tying the appropriate S input LOW, or as an active LOW 
Set/Reset latch with reset override with the D input as the 
active LOW reset input and the S input as the set input. 
Data is transferred into the latch when the enable goes LOW 
and the latch stores the information when the enable goes 
HIGH. With the enable HIGH the tatch is no longer affected 
by the S and D inputs. When the master reset goes LOW all 
latches are reset independent of all other input conditions. 


TRUTH TABLE 
Qing 1) 


w| 


Operation 


Reset 


R/S Mode 


rrrisT sae ae || 
mreoerrjrcee|x<|m 
<xIi-rwier| xxir|)xia 


<xZDioirre|xrrifx 


H = HIGH Voltage Level L = LOW Voltage Level 


LOADING RULES 


In Unit Loads (Notes) 
TTL LOADS 93L LOADS 


Input Load Factor 


E,S,, $,, S,, 83 1.0 1.0 
D,, D,, D,, D; 1.5 1.5 
Output Drive HIGH LOW 


Qy Q,, Q,, Q, 


NOTES: 
1) ype unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 vA 


2) tty unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 vA 


3) Enough output LOW current is available to mix ae and 93L loads and 
still meet the 93L requirement of a V,, of 0.3 V 


Am93L14 ORDERING INFORMATION ., ....~ 


Package Temperatur = Order 
Type Range: peo Number 
16-Pin Molded DIP eae “0eC' to’ #75°G = « U6M93L1459X 


16-Pin Hermetic DIP: |. ie to: 75°C U7B93L1459X 
16-Pin Hermetic’ DIP —55°C: to’+125°C U7B93L1451X 
16-Pin Hermatic Flat Pak: 55°C to +125°C U4L93L1451X 
‘Dice Note UXX93L14XXD 


Note: The dice supplied will contain units which meet both O0°C to +75°C 
and —55°C to +125°C temperature ranges. 


X = Don’t Care 


© 100% reliability assurance testing in compliance with 


MIL STD 883 


e Can be used as single line ‘“‘D” latch or as set/reset 


latch 


LOGIC DIAGRAM 


LOGIC SYMBOL 


E Do Sg Dy S$; Dz Sy D3 Sy 


Am93L14 
4-BIT LATCH 


Veo = PIN 16 
GND = PIN8 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
—65°C to +150°C 
—55°C to +125°C 
-—0.5Vto+7V 
—0.5 V to +Voec max 
—0.5 Vto +5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current (Note 1) —30 mA to +5.0 mA 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for High Output State 
DC Input Voltage 


Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L1459X_ - T, =0°C to +75°C Veg = 4.75 V to 5.25 V 
Am93L1451X A= SECC to +125°C §=—- Vo = 4.50 V to 5.50 V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Veco = MIN., Io,, = —0.36 mA 
Output HIGH Voltage cc » "OH 
Output HIGH Votege Vin = Vi OF Vit 


Voc = MIN., Io, = 4.92 mA 
Vin = Vin OF Vip 


Input HIGH Level Guaranteed input logical HIGH 


Output LOW Voltage 


OH 
OL 
‘ voltage for all inputs 
Input LOW Level Guaranteed input logical LOW 
tL voltage for all inputs 
93L Unit Load - 
! = MAX.,, =0.3V 
Input LOW Current Vee Vis Oe 
93L Unit Load 
= MAX., =2.4V 
hn Input HIGH Current You MAA Viner? 
(Note 2) 
Isc 
lec 


Vec = MAX., Vin =5.5V 


| Isc | Output Short Circuit Current | Voc = MAX., Voyz = 0.0 V 
flee = Power Supply Current Voc = MAX. 


Notes: 1) Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS cra = 25°C) (vec = 5.0 V, CL = 15 pF) 
Parameters Description Min Typ Max Units 


toa4(E) Turn Off Delay Enable to Output 
See Fig. 1 : 
| tha(E) | Turn On Delay Enable to Output 38 80 
t.a4(D) Turn Off Delay Data to Output 10 19 45 
See Fig. 1 
t,g(D) Turn On Delay Data to Output 16 
Set Up Time LOW Data to Enable 


( : [sere | 
Minimum Enable Pulse Width he 13 
fe 12 


See Fig. 3 


ns 


ns 


14 
t,(DS) 1 


Set Up Time HIGH Data to Set Input 


1.5V 


SETTING LATCH NOT SETTING LATCH 
Fig. 1 Fig. 3 
Switching Delays Release of D input to set latch 
with S input ‘ 
ADVANCED 
MICRO 


DEVICES INC. 
901 Thompson Place 


Sunnyvale 

STORE A LOW STORE A HIGH California 94086 
: : (408) 732-2400 

Fig. 2 : TWX: 910-339-9280 

Input Timing TELEX: 34-6306 
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Am9318 


Eight-Input Priority Encoder 


Jistinctive Characteristics: 


*» Provides address of most significant active input. 


» 100% reliability assurance testing including high 
temperature bake, temperature cycling, centrifuge 
and package hermeticity testing in compliance with 
MIL STD 883. 


FUNCTIONAL DESCRIPTION 


The Am9318 is an active LOW input Priority Encoder. The 
Encoder accepts 8 inputs and produces a binary weighted 
code of the highest order input on three active LOW outputs 
A}, A,, A,» When two or more inputs are simultaneously active 
the address of the input with the highest number is repre- 
sented on the three outputs. Input seven (1,) has the highest 
priority. An active LOW Enable Input (El) and Enable Output 
(EO) allow several encoders to be cascaded to allow encod- 
ing of more than 8 inputs. Enable Input HIGH will force all 
outputs HIGH. The Enable Output is LOW when all inputs 
(i, toT,) are HIGH and the Enable tnput is LOW. A LOW 
Group Signal (GS) indicates that one of the 8 inputs is LOW. 
When the Enable Input is LOW, the Enable Output is the 
logic inverse of the Group Signal. 


LOGIC DIAGRAM 


Mixing privileges for obtaining price discounts. 
Refer to price list. 


Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


LOGIC SYMBOL 


10111213 12 3 4 5 


Io ty Ig Ig ly I5 |g ly 
Am9318 
8 INPUT PRIORITY ENCODER 


Vec=PIN 16 
GND =PIN 8 


Package Temperature 
Type Range 
Molded DIP 0°C to 475°C c, U6M931859X 


Hermetic DIP —55°C.{6°'4125°C™ U7B931851X 


% 


Hermetic DIP to 759C° U7B931859X 
Hermetic Flat Pak. Ao"F125°C = U4L.931851X 
UXX9318XXD 


Note : The dice supplied will contain units which meet both 0°C to 
+75°C and ~55°C to +125°C temperature ranges. 


CONNECTION DIAGRAM 
Top View 


NOTE: PIN 1 is marked for orientation. 
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2-110 Note. Maximum for Industrial Grade, Am931859X, is 12 ns. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto +7' 
DC Voltage Applied to Outputs for High Output State _ —0.5V to +Veco ma 
DC Input Voltage —0.5 Vto +5.5' 
Output Current, Into Outputs 30 m. 
DC Input Current —30 mA to +5m. 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am931859X T,=0°C to +75°C Vee =5.0V +5% 
Am931851X T,= —55°C to + 125°C Vee =5.0 V +10% 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Veco = MIN., log = —0.8 mA 
Output HIGH Voltage cc +7 "OH : 
jeune ar votes | Vin Vid OF Vi 
Voc = MIN., lo, = 16.0 mA 
Output LOW Voltage cc TOL 
[Output Low vote | Vin = Vin OF Vit 
Input HIGH Level Guaranteed input logical HIGH 2.0 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 


Unit Load 

I, (Note 2 Veco = MAX., Vin = 0.4 V 
Unit Load 

Veco = MAX., Vin = 2.4 V 


Input HIGH Current Veco = MAX., Vin = 5.5 V 
Output Short Circuit Current Veco = MAX., Vout = 0.0 V 


-Power Supply Current Vee = MAX. 


Notes: 1) Typical limits are at Vec = 50 V, 25°C ambient and maximum loading. 


2) Actual input currents are obtained by multiplying unit load current by input load factor (see Loading Rules). 


Switching Characteristics (T, = 25°C) 
Parameters Test Conditions 


toa+ (I EO) Turn Off Delay Data Input to Enable Output Veco = 5.0 V, C, = 15 pF 


tag (I EO) Turn On Delay Data Input to Enable Output (Refer to Figure 4) 


10(Note) 
25 


tod+ (El GS) Turn Off Delay Enable Input to Group Signal | Voc = 5.0 V, C, = 15 pF 15 acs 
tpg— (E1GS) Turn On Delay Enable Input to Group Signal (Refer to Figure 5) 25 

toa + cI EO) Turn Off Delay Enable Input to Enable Output | Voc = 5.0 V, C, = 15 pF ais 
tog (El EO) TurnOnDelay Enable Input to Enable Output | (Refer to Figure 6) 

tod+ (Et A) Turn Off Delay Enable Input to Data Output Veco = 5.0 V, C, = 15 pF 

toa (EI A) Turn On Delay Enable input to Data Output (Refer to Figure 7) a 
te (1S) Turn Off Delay Data Input to Group Signal Voc = 5.0 V, C, = 15 pF a 
toa (1 GS) Turn On Delay Data Input to Group Signal (Refer to Figure 8) 

toa4 (TA) Turn Off Delay Data Input to Data Output Voc = 5.0 V, C, = 15 pF - 


toa_ (TA) Turn On Delay _ Data Input to Data Output (Refer to Figure 9) 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 


H HIGH, applying to a HiGH-signal fevel or when used with Vcc 
to indicate high Vcc value. 

1 Input. 

L LOW, applying to a LOW signal level or when used with Vec to 
indicate low Vc¢ value. 

O Output. 


FUNCTIONAL TERMS: 

Aj Address Data Outputs. LOW address of most significant LOW 
Data Input (j = 0-3.) 

EI LOW Enable Input. Enable Input HIGH forces ail outputs HIGH. 
EO LOW Enable Output indicates that Enable Input is LOW and 
no input is active. 

FANOUT The logic HIGH or LOW output drive capability in terms 
of input Unit Loads. 

GS LOW Group Signal if Enable Input is LOW indicates when any 
input is active. 

ij Data Inputs designates one of the eight active LOW Inputs 
(j = 0-7.) 

UNIT LOAD One T2L gate input load. In the HIGH state it is equal 
to I, and in the LOW state it is equal to I,. 


OPERATIONAL TERMS: 
I. Forward input load current, for unit input load. 


lo4 Output HIGH current, forced out of output in Von test. 


Io, Output LOW current, forced into output in Vo, test. 
144 Reverse input load current with Voy applied to input. 
log The current drawn by the device with input terminals grounded 


and output terminals open. 
Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 


Vin Minimum logic HIGH input voltage. 
V,, Maximum togic LOW input voitage. | 


Voy Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 


Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: 


t,4, (IO) The propagation delay from a Data Input signal HIGH 
to LOW transition to the EO output LOW to HIGH transition. 

toa (IEO) The propagation delay from a Data Input signal LOW 
to HIGH transition to the EO output HIGH to LOW transition. 
t,4,(EIGS) The propagation delay from the El input signal LOW to 
HIGH transition to the GS output LOW to HIGH transition. 

ba. (EIGS) The propagation delay from the El input signal HIGH 
to LOW transition to the GS output HIGH to LOW transition. 

4, (EIEO) The propagation delay from the El input LOW to HIGH 
transition to the EO output LOW to HIGH transition. 

tac (EIEO) The propagation delay from the El input HIGH to LOW 
transition to the EO output HIGH to LOW transition. 

t,.(EIA) The propagation delay from the El input LOW to HIGH 
transition to the Data A output LOW to HIGH transition. 

Lo (EIA) The propagation delay from the El input HIGH to LOW 
transition to the Data A output HIGH to LOW transition. 

toa, (IGS) The propagation delay from the Data Input signal LOW to 
HIGH transition to the GS output LOW to HIGH transition. 
tog_(IGS) The propagation delay from the Data Input signal HIGH 
to LOW transition to the GS output HIGH to LOW transition. 

toa fl A) The propagation delay from the Data Input signal transi- 
tion to the LOW to HIGH Data A output transition. 

ta (TA) The propagation delay from the Data Input signal transi- 
tlon to the HIGH to LOW Data A output transition. 
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Switching Characteristics 


The active input is driven by a 9002 TTzL gate. The input and output pins under test are loaded with a 15 pF 


capacitance. (This includes probe and jig capacitance.) 


Data Input To Enable Input To 
Enable Output Group Signal 


aa es | 
nz mn 
oy iar (a ha 
—55 0 25 75 
Ta — AMBIENT TEMPERATURE — °C 


(PIN 14) ~ 


(PIN 15) 


Figure 1 Figure 2 


Enable Input To Data Input To 
Data Output Group Signal 


(PIN 9) (PIN 14) 


Figure 4 Figure 5 


Enable Input To 
Enable Output 


Figure 3 


Data Input To 
Data Output 


Figure 6 


{PIN 15) 


(PIN 9) 


TRUTH TABLE 


Inputs Outputs 


=| 
— 
ol 
wl 
-~ 
w 
—_ 
a 
~ 
a 
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~ 
S 
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rPreerrererees 
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tamer rrKKxK zx 
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rroeerererre zs 
mrmrraourrtrraost 
ZBPorrtoirrerstas 
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H = HIGH Voltage Level! 
L = LOW Voltage Level 
X = Don’t care 


Table | 


MS! INTERFACING RULES 


Equivalent 
input Unit Load 


HIGH LOW 
Advanced Micro Devices 9300/2500 Series 1 

FSC Series 9300 

Tl Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


Interfacing 
Digital Family 


Table Il 


Am9318 LOADING RULES (in unit loads) 


Output Drive 
HIGH LOW 


Input 
Load 


2 


Input/Output Pin No.s 


Hort art] sol 


~ 


2 
2 
2 
2 


1} m| 
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ie) 
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silat 


8] Bll 
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INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HIGH” [INPUT 
VOLTAGE 


(IMMUNITY 
(High tevel) 


ViLy 
MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


(IMMUNITY 
(Low level} 


DRIVING DEVICE DRIVEN DEVICE 


DRIVING 
DEVICE 


ORIVEN 
DEVICE 


Current Interface Conditions — LOW 


INPUT LOAD 
DRIVEN"LOW" 


LOAD 


OUTPUT DRIVING 
LOW 


OUTPUT 


Current Interface Conditions — HIGH 


INPUT LOAD 


OUTPUT DRIVING 
“ a DRIVEN'HIGH’ 


Figure 7 
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HIGHEST HIGHEST 
‘PRIORITY PRIORITY 
LEVEL ce) GND 15 GNO 
ENABLE 


66065066 6 
lo ty '2 Ig tq Ig Ig ty El 
Amg318 - 
8-INPUT PRIORITY ENCODER 
E Ay Ag GS 

os 


Ag Ay Ag Ag INPUT PRESENT 
PRIORITY ADDRESS 


6 ¢ 
to ly to 13 Iq Ig Ig ty EI 


. 
lo ty lz '3 ly 'g Ig ty €! 
Am9318 
8-INPUT PRIORITY ENCODER 
EO Ag «=Ay AQ COGS 

. . 


Amg318 
8-INPUT PRIORITY ENCODER 
EO Ag Ay Ag GS 


MOST 
SIGNIFICANT 
ENCODER 


'oa ta !ob,'tb oe Ne 
‘Am9322 QUAD 2 * 
INPUT MULTIPLEXER 


2, 2p Ze 


ee 
Figure 8 Figure 9 


16-INPUT PRIORITY ENCODER 


The number of priority levels can be Increased by cascading 9318 encoders. This may be accomplished by 
connecting the most significant encoder’s enable output (ES) to the next most significant encoder’s enable 
input (Ei) and using OR gates to combine outputs. A higher speed expansion method Is to use multiplexers to 
combine output signals as shown in Figure 9. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Molded 


135 758 300 
425, 7745 290 
020 


070 : 023 
035 :080 015 


Metallization and Pad Layout 
77 x 80 Mils 


ADVANCED 
MICRO 

DEVICES INC. 
907 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Am93L18 


Low-Power Eight-Input Priority Encoder 


Distinctive Characteristics 
» 75 mw typical power dissipation. 


» 29 ns typical propagation delay. 


FUNCTIONAL DESCRIPTION 


The 93L18 is a low-power eight-input priority encoder. There 
are eight active LOW data inputs, |. through I, with I, as- 
signed the highest priority and |, the lowest. When any of the 
inputs are LOW, the active LOW address outputs, Ao, Ai, Az, 
will indicate the binary address of the active input of highest 
priority, as shown in the truth table below. The group signal 
output, GS, goes LOW if at least one input is active. An 
enable input (El) and an enable output (EO) are provided to 
make possible cascading of 93L18’s for encoding more than 
eight inputs. If the enable input is HIGH, then the device is 
disabled and all outputs are forced HIGH. The enable output 
goes LOW when the enable input is LOW and all the data 
inputs are HIGH. The 93L18’s are cascaded by connecting 
the enable output of one 93L18 to the enable input of the 
93L18 of next lower priority. A lower priority device can then 
produce an output only if all higher priority devices are 
enabled and have no active data inputs. 


TRUTH TABLE 


Inputs Outputs 
HEREEELEL ALT S&S A&A A 
H X X X X X X XK X H H H H H 
L H H H H H H H H H H H H OL 
LE xX X X X X X XL L L Lot oH 
L XxX X X X X X L H L H L LH 
L XxX X X K XK L H H L tL H tL RH 
tL xX X X X L H H H L H H L oH 
tL % X X L H H H H L tL L H 4H 
L xX X L H H H H H L H L H H 
tL -% tb H H H H H H L L H H H 
L tL H H H H H H H L HH H H 


H = HIGH Voltage Level L = LOW Voltage Level X = Don't care 


LOADING RULES 
In Unit Loads (Notes) 


TTL LOADS 93L LOADS 


Input Load Factor HIGH LOW HIGH LOW 


1.0 


Fis bor Tae Eye tes Iyer El 2.0 2.0 
Output Drive HIGH LOW 

EO, GS 20 8 

Ay Aig Ay 20 12 


NOTES: 
1) an unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 


2) A 93L. unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 vA 
HIGH 


3) Enough output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a V,, of 0.3 V. 


Am93L18 ORDERING INFORMATION 


es\h 
Package Temperature fQe-Order 
Type Range. | % Number 


0°C,to, 75°C... U6M93L1859X 
16-Pin Hermetic DIP O°G' to +F75°G, *) U7B93L1859X 
16-Pin Hermetic DIP v»55°C to,.k425°C + U7B93L1851X 
16-Pin Hermetic Flat Pak~"—55°C to-F125°C + U4L93L1851X 
Dice fi" es “Note UXX93L18XXD 


16-Pin Molded DIP 


Note: The dice supplied will contain units which meet both 0°C to +75°C 
and —55°C to +125°C temperature ranges. 


* 100% reliability assurance testing in compliance with 


MIL STD 883 


e Fan-out of three to standard TTL devices. 


LOGIC DIAGRAM 


LOGIC SYMBOL 


10111213 12 3 4 


Io ty Io '3 |g Ig Ig 
Am93L18 
84NPUT PRIORITY ENCODER 


Voc =PIN 16 


GS 
GND=PIN8& 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

—65°C to +150°C 

—55°C to +125°C 
—O0.5Vto+7V 


Storage Temperature 


Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max 
DC Input Voltage -—0.5Vto+5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current (Note 1) —30 mA to +5.0 mA 


Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L1859X T, = 0°C to +75°C Veo = 4.75 V to 5.25 V 
Am93L1851X T, = —55°C to +125°C Vo. = 4.50 Vito 5.50V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Voc = MIN., Ioy = —0.4 mA 
Vin = Vin OF Vip 


Output HIGH Voltage 


Voc = MIN., Io, = 4.92 mA 
Output LOW Voltage cc OL Volts 
ee s Vin = Vin OF Vip 
Input HIGH Level Guaranteed input logical HIGH Volts 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW Volts 
voltage for all inputs 
93L Unit Load 
I Voc = MAX.,, Vy = 0.3 V mA 
neta 2) Input LOW Current a a 
93L Unit Load 
Veco = MAX., Vin = 2.4 V A 
le Input HIGH Current os n . 
(No1e 2) Input HIGH Current Veco = MAX., Vin = 5.5 V mA 


Output Short Circuit Current 
Power Supply Current 


Veco = MAX., Vout = 0.0V 


Notes: 1) Typical limits are at Vo, = 5.0V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS cr, = 25°c) 
Parameters Test Conditions Min Typ Max Units 
toa + (1EO) ‘Turn Off Delay Data Input to Enable Output HIGH 
tog (TEO) Turn OnDelay Data Input to Enable Output LOW 
toa, (EIGS) Turn OffDelay Enable Input to Group Signal HIGH 
toa, (EEO) Turn Off Delay Enable Input to Enable Output HIGH 
t,g_ (EIEO) Turn On Delay Enable Input to Enable Output LOW 
toa, (EA) = Turn Off Delay Enable Input to Data Output HIGH 
toa (EI A) Turn On Delay Enable Input to Data Output LOW 
toa, (TGS) Turn Off Delay Data Input to Group Signal HIGH 
toa (T GS) Turn On Delay Data Input to Group Signal LOW 
toa, (TA) Turn Off Delay Data Input to Data Output HIGH 
toa— (TA) Turn On Delay Data Input to Data Output LOW 


Veo = 5.0 V, C, = 15 pF 


ns 


SWITCHING TIME WAVEFORMS 


INPUT 


OUTPUT 1.5V 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am9321 


Dual Demultiplexer/One-of-Four Decoder 


Distinctive Characteristics 
» Dual 1-of-4 Decoder 


» Active LOW enable for each decoder 


FUNCTIONAL DESCRIPTION 


The Am9321 dual demultiplexer/one-of-four decoder con- 
sists of two identical independent decoders. Each decoder 
accepts two address inputs which select one-of-four mu- 
tually exclusive outputs. An active LOW enable is also 
provided on each decoder for expansion and demultiplexing 
applications, When this enable is at a HIGH logic level all 
the decoder outputs are forced HIGH. 


In the demultiplexing mode data is presented at the enable 
input and appears noninverted at the selected output. 


The Am9321 is an ideal MS! element for use in decoding in 
high-speed memory systems. 


@ Can be used as dual four channel Demultiplexer 
@ 100% reliability assurance testing in compliance with 


MIL-STD-883 


LOGIC SYMBOL 


Ao Ai Ao Ay 


Am9321 Am9321 
1/4 DECODER 1 1/4 DECODER 2 


12 1110 9 


Vec = Pin 16 
GND = Pin8 


LOGIC DIAGRAM 


mi 


Ao 


v 


o1—~O 


Ai 


NI 
wi 


Note: Only one decoder shown. 


Am9321 ORDERING INFORMATION 


Package ‘Temperature Order 
Type Range Number 
Molded DIP O°C to +75°C 9321PC 
Hermetic DIP O°C to +75°C 9321DC 
Dice O°C to +75°C 9321XC 
Hermetic DIP —55°C to +125°C 9321DM 
Hermetic Flat Pak —55°C to +125°C 9321FM 
Dice —55°C to +125°C 9321XM 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be jenparred) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs for High Output State 


DC Input Voltage 


—65°C to +150°C 


—55°C to +125°C 


—0.5V to +7\ 


—0.5V to +Vcc max 


—0.5V to +5.5\ 


Output Current, Into Outputs 


DC Input Current 


30mé 


—30mA to +5.0mé 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


9321XC Ta =O0°Cto+75°C Vec = 5.0V +5% 
9321XM Ta = —58°C to +125°C Voc = 5.0V +10% 
Parameters. Description . Test Conditions "Min, Typ. (Note 1) Max. . Units 


Vcc = MIN., lo = -0.8mA 
Vv Output HIGH Voltage 
Vcc = MIN., lor = 16.0mA 
Vv Output LOW Voltage : 
Vin input HIGH Level Guaranteed input logic HIGH voltage 
for all inputs 
Vib Input LOW Level Guaranteed input logic LOW voltage 
for all inputs 
Unit Load sans es 
ML Input LOW Current Veen Maks Vin OAv 
Unit Load 
tH Input HIGH Current 
Input HIGH Current 
Isc Output Short Circuit Current 
cc 


Vcc = MAX., Vin = 2.4V 


mA 
mA 


Vec = MAX., Vin = 5.5V 


Vcc = MAX., Vout = 0.0V 
Vec = MAX. 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 


Power Supply Current 


Switching Characteristics (Ta = 25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Turn Off Delay A Input to Output 


Turn On Delay A Input to Output 


Turn Off Delay E Input to Output 


Turn On Delay E Input to Output 


Notes: 1. Maximum current defined by DC Input Voltage. 
2. Pulse tested. 


PERFORMANCE CURVES 


Input/Output Characteristics 


Input 


Low State 


TYPICAL 


Vcc = 4.75V 


‘iy — INPUT CURRENT — mA 


Output 


High State 


TYPICAL 
.OV 


lout — OUTPUT CURRENT — mA 


lout — OUTPUT CURRENT — mA 


Vin — INPUT VOLTAGE ~ VOLTS 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 

H_ HIGH, applying to a HIGH-signal level or when used with Vec 
to indicate high Vcc value. 

1 Input. 

L LOW, applying to a LOW signal level or when used with Vcc to 
indicate low Vac value. 

O Output. 


FUNCTIONAL TERMS: 


Decoder/Demultiplexer On the basis of an applied instruction, 
channels of communication are selected which connect certain 
sources of information to certain destinations e.g., the distribution 
of timing signals; the interconnection between arithmetic registers. 
Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

Unit load One T2L gate input load. In the HIGH state it is equal 
to 40uA at 2.4V and in the LOW state it is equal to —1.6mA 
at 0.4V. 


10 
1.0 0 1.0 2.0 3.0 4.0 -1.0 —-0.5 0 


Vout - OUTPUT VOLTAGE — VOLTS 


-35 
05 1.0 1.5 -10 0 1.0 3.0 5.0 7.0 9.0 


Vout — OUTPUT VOLTAGE — VOLTS 


OPERATIONAL TERMS: 

loy Output HIGH current, forced out of output in Voy test. 
lo, Output LOW current, forced into output in Vo_ test. 

Icec The current drawn by the device under a +5.0V power 
supply, bias input terminals grounded and output terminals open. 
Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. 

Vit Maximum Jogic LOW input voltage. 

Von Minimum logic HIGH output voltage with output HIGH 
current Ioy flowing out of output. 

Vo_ Maximum logic LOW output voltage with output LOW 
current Io, into output. 


SWITCHING TERMS: (All switching times are measured at the 
1.5V logic level). 

tp_y The propagation delay measured from the input transition 
to a corresponding output signal LOW-HIGH transition. 

tpy, The propagation delay measured from the input transition 
to a corresponding output signal HIGH-LOW transition. 


MSI INTERFACING RULES 


Equivalent 
Interfacing Input Unit Load 
Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500 Series 1 1 


FSC Series 9300 

Advanced Micro Devices 54/7400 Series 
TI Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


TRUTH TABLE 
For Each Decoder 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


GND 


LOADING RULES 


Fanout 
Input Output Output 


Input/Output Pin No.’s Unit Load HIGH LOW 


E Decoder 1 


W}) NI] a1] Ol] D 


OMANI O/al RI WwW!) NY] = 


Ww 


out Decoder 2 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HAIGH INPUT 
VOLTAGE 


IMMUNITY 
{High level) 


Vv 
IL 
MAXIMUM LOGIC 
“LOW” OUTPUT Vor Fa 
VOLTAGE Bat Cente do 
~ 
NOISE 
IMMUNITY 
{Low level} 


wy MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS ~ VOLTS 


DRIVING DEVICE DRIVEN DEVICE 


ViH5 
Vito 


DRIVING DAIVEN 
DEVICE DEVICE 


Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN “LOW” 


OUTPUT LOAD 


Current Interface Conditions — HIGH 


OUTPUT DRIVING INPUT LOAD 
"HIGH" 


DRIVEN “HIGH” 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


SWITCHING CHARACTERISTICS 
(Typical) 


Address Input to Output Enable Input to Output 


tp ~- PROPAGATION DELAY — ns 
tp — PROPAGATION DELAY — ns 


~—60-40-20 0 20 40 60 80 100120140 —60-40-20 0 20 40 60 80 100120 140 
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — 2¢ 


Other Conditions: E = LOW 


BASIC DEMULTIPLEXER/DECODER APPLICATIONS 


DATA WORD ADDRESS 


— 


Do 04 


Am9321 Am9321 
OECODER 1 DECODER 2 


1 2 3 o 1 2 3 


Fo Fi Go G 


DATA OUTPUT CHANNELS 


Dual 4 Output Demultiplexer 


A 2-Bit Data Field Dg, Dj is routed to one of four channels E, F, G, H under control of the address Field A. 
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ADDITIONAL APPLICATIONS 


ONE-OUT-OF-THIRTY-TWO DECODER 


ADDRESS STROBE 


1 
Am9321 
DECODER 1 
eae 
sz 


Ao A, Ag A 


31/10 DECODER 
Amg301 


1/10 OECODER 


1/10 DECODER 


Am 9301 Am 9301 


0123 4 6 6 7 8 9 10 11 12 13 14 15 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31 


Am9321 Dual 1-of-4 Decoder can be used with other decoders such as the Am9301 1-of-10 Decoder or 
Am9311 1-of-16 Decoder to build large decoding trees or to form multi channel Demultiplexers. 


PHYSICAL DIMENSIONS 
Dual-In-Line 
Hermetic © Ceramic Molded 
ow 
ip 
+ Pury ty ty 


is 325 


Metallization and Pad Layout 
Ag —€ Vcc E 


ADVANCED 
MICRO 
DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 | 
(408) 732-2400 | 
TWX: 910-339-9280 
TELEX: 34-6306 


DIE SIZE 0.076" X 0.063” 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 10-2 


Am93L21 


Low-Power Dual Demultiplexer/One-of-Four Decoder 


Distinctive Characteristics 
®@ 45mW typical power dissipation. 


® Can act as dual four way demultiplexer. 


FUNCTIONAL DESCRIPTION 


The Am93L21 low-power dual demultiplexer/one-of-four 

decoder consists of two identical independent decoders. 

Each decoder accepts two address inputs which select one- 

of-four mutually exclusive outputs. An active LOW enable 

is also provided on each decoder for expansion and demul- 
|  tiplexing applications. When this enable is at a HIGH logic 
| level all the decoder outputs are forced HIGH. 


In the demultiplexing mode data is presented at the enable 
input and appears noninverted at the selected output. 


The Am93L21 is an ideal MS! element for use in decoding 
in high-speed memory systems. 


LOADING RULES 
In Units Loads (Notes) 


TTL Loads 93L Loads 
Input Loading HIGH LOW HIGH LOW 
All Inputs 0.5 0.25 1.0 1.0 
Output Drive HIGH LOW HIGH LOW 
All Outputs 10 3 12 12 
| 
Notes: 


1. A TTL unit load is specified as 0.4V at —1.66mA LOW, 2.4V 
at 40uA HIGH. 

2. A 93L unit load is specified as 0.3 V at —400yuA LOW, 2.4 V 
at 20uUA HIGH, 

3. Enough output LOW current is available to mix TTL and 93L 
loads and still meet the 93L requirement of a Voz of 0.3 V. 


Am93L21 ORDERING INFORMATION 


Package Temperature Order 

Type Range Number 
Molded DIP O°C to +75°C 93L21PC 
Hermetic DIP 0°C to +75°C 93L21DC 
Dice 0°C to +75°C 93L21XC 
Hermetic DIP —55°C to+125°C 93L21DM 
Hermetic Flat Pak -—55°Cto+125°C 93L21FM 
Dice —55°C to+125°C 93L21XM 


@ 100% reliability assurance testing in compliance with 


MIL-STD-883. 


@ Fan-out of three standard TTL circuits. 


LOGIC DIAGRAM 


Note: Only one decoder shown. 


LOGIC SYMBOL 


Ao Ay 


Am93L21 
DECODER 


1s? 


Ago Ay 


Am93L21 
DECODER 


12 11 10 


Vec = Pin 16 
GND = Pin8 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
—65°C to +150°C 
—55°C to +125°C 


Storage Temperature 
Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential 
(Pin 16 to Pin 8) Continuous 


—0.5V to +7V 


DC Voltage Applied to Outputs for 
High Output State 


DC Input Voltage 


—0.5V to +Vcc max. 
—0.5V to +5.5V 


Output Current, Into Outputs 
DC Input Current (Note 1) 


Note 1. 


Maximum current defined by DC input voltage. 


30mA 
—30mA to +5.0mA 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L21XC Ta =0°C to+75°C Voc = 4.75V to 5.25V 
Am93L21XM Ta = —55°C to +125°C Vec = 4.50V to 5.50V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Vcc =MIN., lop = -0.4mA 
Output HIGH Voltage 


Guaranteed input logic LOW voltage 
for all inputs 


Ne 93L Unit Load = 7 
Input LOW Current VEG MAK MIN OY 


93L Unit Load = = 
NH Input HIGH Current Voc SMAAK YING 24M 
(Note 2) 

Input HIGH Current Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current Vcc = MAX., Vout = 0.0V 


Power Supply Current 


Input LOW Level 


Vcc = MIN., lot = 4.92mA 
Vv Output LOW Voltage 
eb 5 Vin = Vin of VoL 
| Vin Input HIGH Level Guaranteed input logic HIGH voltage 
for all inputs 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 
Switching Characteristics (Ta = 25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Delay Address to Output HIGH 
Delay. Address to Output LOW 
| 


Address Input to Output Enable Input to Output 


Pee 


i) 
) 
-55 35-15 5 25 45 65 85 gb 125 -55 -35-15 5 25 45 65 85 105 125 
Ta ~ AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE —~ "C 


won Xf TT A 

; ADVANCED 

_.| pas hott MICRO 
DEVICES INC. 


cum fr : 901 Thompson Place 


Sunnyvale 

California 94086 

Other Conditions: Pins 15, 14= GND Other Conditions: Pins 2, 3= GND (408) 732-2400 
; TWX: 910-339-9280 

TELEX: 34-6306 


PROPAGATION DELAY — ns 


a 
c 
| 

> 
t 
aj 
w 
a 
Zz 
je} 
- 
< 
QO 
a 
a 
° 
c 
a 
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Am54/74157-Am9322 


Quad Two-Input Multiplexer 


Distinctive Characteristics: 


Selects four of eight data inputs with single select 
line and over-riding enable. 


100% reliability assurance testing including high- 
temperature bake, temperature cycling, centrifuge 
and package hermeticity testing in compliance with 
MIL STD 883. 


FUNCTIONAL DESCRIPTION 

The Am9322 Quad Two-Input Multiplexer is the logic imp!emen- 
tation of a four-pole, two-position switch with the position of 
the switch set by the fogic level supplied to the select 
input. An active low enable is provided. The logic equa- 
tions describing the device are given below. 


Z, = E (1,8 + 1,,8) Z, = E (Ip.S + 1-8) 
Z, = E (Io,8 + 1,8) Z4 = E (IggS + lygS) 


The Am9322 is useful for data bussing and general logic de- 
sign. Some typical applications are shown in Figures 6 and 7. 


e@ Mixing privileges for obtaining price discounts. 
Refer to price list. 


e Available in highly reliable molded epoxy, hermetic 
dual-in-line or Hermetic flat package. 


e Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


LOGIC SYMBOL 
5 6 14 13 117 10 


foa Ita ‘ob "tb oc te tog Na 


Am9322 QUAD 2INPUT 
MULTIPLEXER 


Veo = PIN 16 
GND=PIN 8 


LOGIC DIAGRAM 


Package 
Type 
Molded DIP 
Hermetic DIP 0° 
Hermetic DIP , 75! 
Hermetic Flat Pak: 


a 


U7B932259X 
U7B932251X 
U4L932251X 


UXX9322XXD 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. 


CONNECTION DIAGRAM 
Top View 


NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS 


(Above which the useful! life may be impaired) 


Storage Temperature 


—65°C to +150°C 


Temperature (Ambient) Under Bias 


—55°C to + 125°C 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —05Vto+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vcc max 
DC Input Voltage -—0.5V to +5.5V 
Output Current, Into Outputs 30 mA 


DC input Current 


—30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am932259X T,=0°C to +75°C Veg =5.0 V +5% 
Am932251X T,= 55°C to +125°C = Veg = 5.0 V + 10% 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Vec = MIN., Igy, = —0.8 mA 
V Output HIGH Voltage cc »'OH 2.4 3.6 Volts 
Vou Output LOW Voltage Voc = MIN. fo, = 16.0 mA 0.2 0.4 Volts 
Vin = Vin OF Vip 
Guaranteed input logical HIGH 
Vv Input HIGH Level 2.0 Volts 
iM P voltage for all inputs ‘ | 
Vi. Input LOW Level Guaranteed input logical LOW 0.8 | Volts 
voltage for all inputs =| a 
I (Note 2) | Unit Load Veg = MAX, Viyy = 0.4 V -1.0 7 ~1.6 | mA 
m Input LOW Current = eo eee | , , 
— 
Unit Load Veg = MAX., Vin = 2.4V ao | 40 BA 
liq (Note 2) Input HIGH Current =| 
Input HIGH Current Veo = MAX., Viy = 5.5 V ) +0 mA 
Isc Output Short Circuit Current | Veg = MAX., Voy; = 0.0 V =a | _{ =100 mA | 
Vec = MAX. Am932251X 30 47 mA 
lee Power Supply Current All inputs and’ I a 
outputs HIGH Am932259X 30 47 mA 
Notes: 1) Typical Limits are at Vig = 5.0 V, 25°C Ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 
eactatis ion ts _ S 
Am9322 Switching Characteristics (Ta = +25°C) Am932251X Am932259X 
Parameters Description Test Conditions Min Typ Max Min Typ Max Units 


Turn Off Delay 
Turn On Delay 
Turn Off Delay 
Turn On Delay 
Turn Off Delay 
Turn On Delay 


toa4.(D) 


tog = (E) 


Select Input/Output 
Select Input/Output 
Data Input/Output 
Data Input/Output 
Enable Input/Output 
Enable Input/Output 


Vec = 5.0 V 
C, = 15 pF 


(Refer to Figures 1 & 4) 


Am54/74157 Switching Characteristics (Ta = +25°C) 


Description 


Data to Output 


Strobe to Output 


Parameter 


Select to Output 


Test Condition 


Vec = 5V, Cy = 15 pF, Ry = 4002 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH-signal level or when used with Voc 
to indicate HIGH Vcc value. 

' Input. 

L LOW, applying to a LOW signal level or when used with Voc 
to indicate LOW Vcc value. 

O Output. 


FUNCTIONAL TERMS: 
Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 


Input Unit Load One T2L gate input load. In the HIGH state it is 
equal to I, and in the LOW state it is equal to I;. 

Iie lips Ties 11g Data Inputs One of the two multiplexer data inputs 
for multiplexers a, b, c or d. i = 0, 1. 

Zz Qutput The logic output of the two input multiplexers. 

j =a,b,c,d 


OPERATIONAL TERMS: 

I, Forward input load current, for unit input load. Refer to Figure 5. 
lon Output HIGH current, forced out of output in Vo, test. Refer to 
figure 5. 

Io, Output LOW current, forced into the output in Vo, test. Refer 
to Figure 5, 


log The current drawn. by the device with input and output ter- 
minals open. 

1,, Reverse input load current with V., applied to input. Refer to 
Figure 5. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Viy Minimum logic HIGH input voltage. Refer to Figure 5. 

V,, Maximum logic LOW input voltage. Refer to Figure 5. - 

Von Minimum logic HIGH output voltage with output HIGH current 
Joy flowing out of output. Refer to Figure 5. 

Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. Refer to Figure 5. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level). 

tog (D) The propagation delay from a Data Input signal transition 
to the output-LOW-HIGH transition. Refer to Figure 1. 

t,4_(D) The propagation delay from a Data Input signal transition 
to the output HIGH-LOW transition. Refer to Figure 1. 


toa, (E) The propagation delay from the Enable Signal transition to 
the Z, output LOW-HIGH transition. Refer to Figure 1. 


toa—(E) The propagation delay from the Enable Signal transition to 
the Z, output HIGH-LOW transition. Refer to Figure 1. 

t.44(S) The propagation delay from the Select Input signal transi- 
tion to the Z, output LOW-HIGH transition. Refer to Figure 1. 
t.4(S) The propagation delay from the Select Input signal transi- 
tion to the Z, output HIGH-LOW transition. Refer to Figure 1. 


SWITCHING TIME WAVEFORMS 


tog3 S to 2, 
CONDITIONS 
Pins 2, 15 = GND. 

Pin 3 = Vo. 


| 
1.8V 
Vin > So 


(PIN 1) 


1.8 
= zal a 
18V 
Vout ~ 2 f 15V 


{PIN 4) 


Vin E 

(PIN 15) ey 
p 

Vout 

(PIN 4) 


t,4i E to Z, 
CONDITIONS 
All Other Inputs High 


| | 
1.5V 1.5V 
= oe 
i 


thai Ib, to Z, 
CONDITIONS 
Pins 1, 15 = GND. 


Vos tN 
15V 1.5 
Vin —'o 

pa 

| 


Vv 
(PIN 2) 
tod 


1.5V 1.5V 
Vout ———/ ) an 


(PIN 4) 


— 


All inputs are outputs of TTzL series gates loaded with 15 pF. All outputs are loaded with the same capaci- 


tance (referred to as C,) and only with capacitance. 


Figure 1 
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PERFORMANCE CURVES 


Input Characteristics faput Curent Verses 


Input Voltage 


‘yy — INPUT CURRENT — mA 


2.0 4.0 6.0 8.0 
Vin — INPUT VOLTAGE — VOLTS 


i 2 
Output Characteristics pas 


Output Current Versus Output Current Versus 
Output Voltage Output Voltage 
(Output High) (Output Low) 


lout — OUTPUT CURRENT — mA 
loyt — OUTPUT CURRENT — mA 


0 
4.0 6.0 04 08 12 16 20 
Vout — OUTPUT VOLTAGE — VOLTS Vout — OUTPUT VOLTAGE - VOLTS 


Figure 3 
Switching Characteristics 


Turn Off Delay Time Turn On Delay Time Turn Off Delay Time 
Versus Ambient Temperature Versus Ambient Temperature Versus al a cal 
to Z, 


= 
TYPICAL 


a cane wh 


-§5-35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


tpat (E TO Z,) - TURN OFF DELAY TIME — ns 


0 
-55-35-15 5 25 45 65 85 105 125 
Ty ~— AMBIENT TEMPERATURE — °C 


oL 
-55 i -15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


todt (S TO Z,) — TURN OFF DELAY TIME — ns 
tpg (STO Z,)— TURN ON DELAY TIME — ns 


Turn On Delay Time Turn Off Delay Time Turn On Delay Time 
Versus Ambient Temperature Versus Ambient Temperature Versus Ambient Temperature 


2 
Ras 


TYPICAL 
59 GRADE ain 


t+—— 59 GRADE MIN 


-55~-35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


| 
a 
a 
i 
fa 
: 
BeeR 


tod (ETO Z,)— TURN ON DELAY TIME — ns 
LI \ 


ie) 
-§5-35-15 5 25 45 65 85 105 125 
Ty — AMBIENT TEMPERATURE — °C 


0 
-55 -35 -15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


togt (lag TO 2,4) — TURN OF F DELAY TIME — ns 
tog- (lpg TO Za) - TURN ON DELAY TIME ~ ns 


Figure 4 
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TRUTH TABLE Am 9322 LOADING RULES (in unit loads) 


Input Output Drive 


Input/Output Pin Nos. Load HIGH LOW 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
i=a,b,c,d 


TABLE | 


MSI INTERFACING RULES 
Equivalent Input 
Interfacing Unit Load 
Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 

TI Series 54/7400 TABLE II 
Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


alalrioalmiale|Gl@e|N{@o]/a}/ajsolrnj— 


TABLE III 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions —-LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING (NPUT LOAD 
“LOW” DRIVEN “LOW” 


OUTPUT LOAD 


MINIMUM LOGIC | 
“HIGH” OUTPUT 
VOLTAGE | 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level) VOLTAGE 


Vity | 


“LOW” OUTPUT MAXIMUM LOGIC 


“LOW INPUT iti — 
VOLTAGE nao VOLTAGE Current Interface Conditions — HIGH 


IMMUNITY OUTPUT DRIVING | INPUT LOAD 


MAXIMUM LOGIC 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


HIGH DRIVEN “HIGH” 


- (Low level) 
DRIVING DEVICE DRIVEN DEVICE 


Vit» 
Vity 


DRIVING DRIVEN 
DEVICE - DEVICE 


Figure 5 
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Am9322 APPLICATIONS 


DATA INPUTS 


MULTIPLEXER 1 
O2 O03 DATAIN SHIFT LEFT 


o 8 1 9 


MULTIPLEXER 2 
0.8 1 9 


E tou Na lon th oe Ne toa fe 


Am9322 QUAD 2-INPUT 
MULTIPLEXER 


'oa a ‘ow “ib "Oc Ne log Nae 


'Am9322 QUAD 2-INPUT 
MULTIPLEXER 


OPERATION 
CONTROL LINES 


'g Ny §9 43 \g ts \g it) 'y \9 43 Ng 's Ig 'y B 


Am9312 8-INPUT Am9312 8-1NPUT 
BCD 
ADDRESS MULTIPLEXER 2 MULTIPLEXER DATA IN SHIFT RIGHT Pp 
‘: Am9300 SHIFT 
reek REGISTER 


Q 4 Q 
MULTIPLEXER 1 MULTIPLEXER 2 
QUTPUT 
OuTPUT OPERATION CODE LIST 


B Operation 
Parallel Load 
Shift Left 
Shift Right DATA OUT SHIFT LEFT DATA OUT SHIFT RIGHT 


Shift Right 


Dual 10-Input Multiplexer Shift Left, Shift Right, Parallel Load Register 


Two 10-Input Multiplexers are shown above with the select lines This register will shift left, shift right, and load 4 bits of parallel 
common to the two multiplexers. Inputs are selected by an 8421 data according to the operation code applied to A and B. 


BCD Address. 


Figure 6 Figure 7 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Molded 


023 
.015 


Metallization and Pad Layout 
60 x 69 Mils 


ADVANCED 
MICRO 

DEVICES INC. 

907 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am93L22 


Low-Power Quad Two-Input Multiplexer 


Distinctive Characteristics 
e 45 mw typical power dissipation. 


e 31 ns typical propagation delay. 


FUNCTIONAL DESCRIPTION 

The Am93L22 Quad Two-Input Multiplexer is the logic imple- 
mentation of a four-pole two-position switch with the position 
of the switch set by the logic fevel supplied to the select 
input. An active LOW enable is provided. The logic equa- 
tions describing the device are given below. - 


Z, =E (Ip,5 + 1,8) Z. =E (In.S + |S) 
Z, = E (lo.S + 1,48) Z4 = E (IggS + 148) 


The Am93L22 is useful for data bussing and general logic 
design. 
TRUTH TABLE 


Select 
Input 


Enable 


Data Inputs 


H = HIGH Voltage Level 
L = LOW Voltage Level 


X = Don’t Care 
i=a,b,c,d 


LOADING RULES 
In Unit Loads (Notes) 


TTL LOADS 93L LOADS 
Input Load Factor HIGH LOW 
All inputs p . 1.0 1.0 


Output Drive HIGH LOW 
All Outputs 20 12 


NOTES: 
1) t TTL unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 vA 
HIGH. 


2) I 93L unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 vA 
IGH. 


3) Enough output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a Vo, of 0.3 V. 


Am93L22 ORDERING INFORMATION 


Order 
Number 


U6M93L2259X 
U7B93L2259X 
U7B93L2251X 
U4L93L2251X 

UXX93L22XXD 


Package Temperature 
Type Range, 
16-Pin Molded DIP 0°C.t6.+F75°C, 
16 Pin Hermetic DIP Q°C to +#75°C 
16-Pin Hermetic DIP » . Sse: ta “£125°C 
16-Pin Hermetic Flat, ak —55°C to +125°C 
Dice pet Note 


Note: The dice supplied will contain units which meet both 0°C to +75°C 
and —§5°C to +125°C temperature ranges. 


¢ 100% reliability assurance testing in compliance with 


MIL STD 883 


e Guaranteed fan-out of three with standard TTL circuits 


LOGIC DIAGRAM 


LOGIC SYMBOL 


6 14 13 11 10 


E toa Na lop Wb loc Ne lod Ia 
Am93L22 
QUAD 2-INPUT MULTIPLEXER 


Voc = PIN 16 
GND =PIN 8 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
—55°C to +125°C 
-0.5Vto+7V 
0.5 V to +Vec max 
—0.5Vto +5.5V 
Output Current, Into Outputs 30 mA 


DC Input Current (Note 1) —~30 mA to +5.0 mA 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for High Output State 
DC Input Voltage 


Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L2259X T,=0°C to +75°C Voc = 4.75 V to 5.25 V 
Am93L2251X T,=—55°C to +125°C Veco = 4.50 V to 5.50 V 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Veo = MIN,, lop, = —0.4 mA 


Output HIGH Voltage 
Vin = Vin OF Vit 


Veo = MIN., Io, = 4.92 mA 
Vin = Vin OF Vit 


Output LOW Voltage 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 


Input LOW Level Guaranteed input logical LOW 
voltage for all ihputs 


| 93L Unit Load 
(Note 2) Input LOW Current 


93L Unit Load 
by input HIGH Current 


(Note 2) Input HIGH Current Voc = MAX., Vin = 5.5 V 
Output Short Circuit Current Veco = MAX., Vout = 0.0 V 
Power Supply Current Veco = MAX. 


Veo = MAX., Vin = 0.3 V 


Voc = MAX., Vin = 2.4V 


Notes: 1) Typical limits are. at Veg = 5.0V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS (r, = 25°c) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Turn Off Delay Select Input/Output 


Turn On Delay Select Input/Output 
Turn Off Delay Data Input/Output 


toq—(D) Turn On Delay Data Input/Output 
toa (E) Turn Off Delay Enable Input/Output 
t,g_(E) Turn On Delay Enable Input/Output 


SWITCHING TIME WAVEFORMS 


Vec = 5.0 V, Cc, = 15 pF 


- tigi S to Z, = 
CONDITIONS ; t.43 E to Z, tui I, to 2, 
Pins 2, 15 = GND. CONDITIONS CONDITIONS 
Pin 3 = Vo, All Other Inputs High Pins 1, 15 = GND. 


| | | | 
15V 15V . : SV 15V 
(PIN 1) (PIN 2) f = 
*pa* a tod pi is pdt eer 
v 
| | | 


(PIN 15) 
| Vout | 
1 15V an 1 1.5V 
7 ; Fk : : 15V 
Your ~ 2 | Vout 


(PIN 4) (PIN 4) 


ADVANCED 
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Am9324 


Five-Bit Comparator 


Distinctive Characteristics: 


© Compares two 5 —bit binary words and provides 
separate outputs: A>B,A—B,A<B 


e Active LOW enable input controls all outputs 


¢ Can be connected in series or parallel with additional 


comparators for comparing long words 


FUNCTIONAL DESCRIPTION 

The Am9324 is a high-speed expandable comparator which 
compares two 5-bit words, A and B, and gives outputs of 
“A greater than B,” “‘A equal to B” and “‘A less than B.’’ An 
active LOW enable is provided which forces the three outputs 
LOW when the enable goes HIGH. 

Comparators can be connected in series or parallel to obtain 
comparison over large word lengths. For series connection 
the A>B and A <B outputs are connected to the least sig- 
nificant A, and B, inputs of the next most significant com- 
parator. Parallel connection uses the same number of devices 
as the series method and is considerably faster when com- 
paring over large word lengths. Parallel connection is accom- 
plished by comparing the A>B, A<B outputs of several 
comparators by additional comparators as shown in Figure 8. 


e 100% reliability assurance testing in compliance with 


MIL-STD-883 


e Electrically tested and optically inspected die for the 


assemblers of hybrid products © 


e Mixing privileges for obtaining price discounts. 
Refer to price list 


LOGIC SYMBOL 


13 12 1110 9 


Ag At A2 A3 Ag Bo B; 82 Ba By 


Am9324 5-BIT COMPARATOR 


LOGIC DIAGRAM 


Am9324 ORDERING INFORMATION, 


set 


Package Temperatyte 
Type Range 7 S Number 
Molded DIP OSG:to +75°C U6M932459X 
Hermetic DIP O°Gto“75°C + U7B932459X 
Hermetic DIP: “—55°C to +125°C +U7B932451X 
Hermetic FlatPak ©+55°C to +125°C U4L932451X 
Dice Note UXX9324XXD 


Note: The dice supplied will contain units which meet both 0°C to +75°C 
and —55°C to +125°C temperature ranges. 


CONNECTION DIAGRAM 
Top View 


Voc A>B A=B Ag 


NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS | (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to + 125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vce, max 
DC Input Voltage —0.5 V to +5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am932459X T,=0°C to +75°C Voc =5.0 V +5% 
Am932451X T,=—55°C to +125°C 3 = Vo = 5.0 V 1 10% 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. 
Voc = MIN., Io, = —0.8 mA 
Vin = Vin OF Vit 


Voc = MIN., Io, = 16.0 mA 
Vin = Vin OF Vi 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 


V Input LOW Level Guaranteed input logical LOW 
It voltage for all inputs 


Unit Load 
I = oy =0. 
hs Input LOW Current Voc = MAX., Vin = 0.4 V 
Unit Load 
=> ng = 2, 
Input HIGH Current : Veo = MAX., Vin 4v 


Input HIGH Current Voc = MAX., Vix, = 5.5 V 


Output Short Circult Current Veco = MAX., Voy = 0.0 V 
Voc = MAX. Am932451X 


All Inputs HIGH} Am932459X 


Notes: 1) Typical limits are at Vec =5.0V, 25°C ambient and maximum loading. 


Power Supply Current 


2) Actual input currents are obtained by multiplying unit load current by input load factor (see Loading Rules). 


Switching Characteristics (T, = 25°C ) 
Parameters Description Test Conditions 
t,g,(E-A = B) |Turn Off Delay Enable Input to A = B Output Veo = 5.0 V, C, = 15 pF 
Enable Input to A = B Output Refer to Figure 1 


Veo =5.0V,C,=15pF , 


Enable to A # B Output 

A, Input to A > B Output Vec = 5.0 V, C, = 15 pF 
A, Input to A > B Output Refer to Figure 2 

A, Input to A < B Output Veco = 5.0 V, C, = 15 pF 
A, Input to A < B Output Refer to Figure 3 


Any Inputto A= B Output Veco = 5.0 V, C, = 15 pF 
Any Input to A = B Output Refer to Figure 4 


Any Input to A<B Output Veco = 5.0 V, C, = 15 pF 


Any Input to A<B Output Refer to Fig. 5 which shows 
: input-output pins & condi- 
Any Input to A>B Output tions for worst case maxi- 


Any Input to A>B Output mum propagation delay. 


DEFINITION OF TERMS 

SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH-signal level or when used with Voc 
to indicate HIGH Vcc value. 

} Input. 

L LOW, applying to a LOW signal level! or when used with Voc 
to indicate LOW Vcc value. 

O Output. 


FUNCTIONAL TERMS: 

A> 8B Output HIGH when the A word is greater than the B word. 
A<B Output HIGH when the A word is less than the B word. 
A=B8B Output HIGH when the A word is the same as the B word. 
A, Data A inputs i=0, 1, 2, 3,4 

B, Data B inputs i=0, 1, 2,3, 4 

E Active LOW Enable Input, all outputs are LOW when enable is 
HIGH. : 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 


Input Unit Load One T’L gate input foad. In the HIGH state it is 
equal to |, and in the LOW state it is equal to I, . 


OPERATIONAL TERMS: 


1, Forward input load current, for unit input load. 

lo4 Output HIGH current, forced out of output in Vo,, test. 

fo, Output LOW current, forced into the output in Vo, test. 

Inn ©=The current drawn by the device under a +5.0 V power supply 
bias with input and output terminals open. 

I\4 Reverse input load current with Vo, applied to input. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vi Minimum logic HIGH input voltage. Refer to figure 5. 

V,, Maximum logic LOW input voltage. Refer to figure 5. 


Vo, Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 

Vo, Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic fevef). 

thay (A; or B; - A<B) The propagation delay from a transition 
on any A or B input to the A < B LOW to HIGH transition. 

tha (A; or B) - A<B) The propagation delay from a transition 
on any A or B input to the A < B HIGH to LOW transition. 
t.a,(E-A # B) The propagation delay from HIGH to LOW Enable 
input transition to A > B (or B > A) output LOW to HIGH transition. 
t,4(E-A % B) The propagation delay from LOW to HIGH Enable 
input transition to A> B (or B> A) output HIGH to LOW transition. 
tray (E-A = B) The propagation delay from a HIGH to LOW Enable 
input transition to the A = B output LOW to HIGH transition. 

thas (E-A = B) The propagation delay from a LOW to HIGH Enable 
input transition to the A=B output HIGH to LOW transition. 

tha, (AZA>B) The propagation delay from a LOW to HIGH A, 
input transition to the A> B output LOW to HIGH transition. 

ta (A,-A <B) The propagation delay from a LOW to HIGH A, 
input transition to the A < B output HIGH to LOW transition. 

tat (A.-A>B) The propagation delay from a LOW to HIGH A, 
input transition to the LOW to HIGH A>B output transition. 

ta (A,-A > 8B) The propagation delay from a HIGH to LOW A, 
input transition to the HIGH to LOW A> B output transition. 

tha, (A-A< 8B) The propagation delay from a HIGH to LOW A, 
input transition to a LOW to HIGH A<B output transition. 

toa (A,-A <_B) The propagation delay from a LOW to HIGH A, 
input transition to the HIGH to LOW A<B output transition. 

tha, (A;-A=8) The propagation delay from any input transition 
to the LOW to HIGH A=B output transition. 

tog (A,;-A =B) The propagation delay from any input transition 
to the HIGH to LOW A=B output transition. 
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VinrE 15V— —15V 
(PIN 1) 
tpd pad + =| pamkiads 


Vout A=B 
(PIN 14) 


Turn Off Delay Time Versus 
Ambient Temperature 
(E TOA=B) 


B) — TURN OFF DELAY TIME - ns 


tog — (E to A= B) — TURN ON DELAY TIME — ns 


tog t(EtoA 


Ta — AMBIENT TEMPERATURE — °C 


Figure 1 


Vin -A2 


(PIN 11) 1sv—7f \—15v 
Pe zi aces 
1.5V— —15V 


me 


Vout A<B 
(PIN 2) 


Turn Off Delay Time Versus 
Ambient Temperature 
(A, TOA < B) 


tod + {Az to A<B) — TURN OFF DELAY TIME — ns 
tod - (Az to A<B) TURN ON DELAY TIME — ns 


Ta — AMBIENT TEMPERATURE — °C 


SWITCHING TIME WAVEFORMS 
All inputs and outputs loaded with 15 pF capacitance only. Output capacitance is referred to as C,. 


tpg: Eto A=B 
Conditions 
All other inputs high 


Turn On Delay Time Versus 
Ambient Temperature 
(E TO A =B) 


Cuter] TT tT 
A a HN DD CR 
ARES eee 


A ee 


Ta — AMBIENT TEMPERATURE — °C 


togi Ag toA <8 
Conditions 
Pin 1 =GND 
All other inputs high 


Turn On Delay Time Versus 


Ambient Temperature 
(A, TOA < B) 


re a CE 
raeak stseltle 


60 }Vcc = 5.0V 


5 ee a 
oL LITT tT tt ty 


Ta — AMBIENT TEMPERATURE — °C 


Figure 3: 


tod— (Ag TOA <B) 


Vin - Ag 


(PIN) —1.5V 


1.5V— 


tod am 


Vout A<B 
(PIN 2) 


tods (Aq TO A>B) 


Vout A>B 
{PIN 15) 


tod +—o4 L 


a 
ev ftv Conditions 


Pin 1,6, 11, 12, 13 = GND 


All other inputs high 


15V + # \=18v 


VIN-A2 
(PIN 11) 


—l 


Turn Off Delay Time Versus 
Ambient Temperature 
(A, TOA > B) 


win a 
robe den ae 
ef fisies | oe th 

125 
Ta — AMBIENT TEMPERATURE — °c 


tog + (A, to A> B) TURN OFF DELAY TIME — ns 


5 — ‘ —1,5V 
- Lisl ia = 
VouT - A>B 
(PIN 15) Pv Kv 


B) TURN ON DELAY TIME — ns 


tod — (Az toA 


7 Ag to A>B 
Conditions 
Pin 1,5= GND 
All other inputs high 


Turn On Delay Time Versus 
Ambient Temperature 
(A, TO A > B) 


Ta — AMBIENT TEMPERATURE — °C 


Figure 2 


Vin-A2 
{PIN 11) 


Turn Off Delay Time Versus 
Ambient Temperature 


SP Sa el 
= ca 


tpd + (Az to A = B) TURN OFF DELAY TIME — ns 


Ta ~ AMBIENT TEMPERATURE — °C 


Figure 4 


Turn Off Delay Time Versus 
Ambient Temperature 
(A, TO A >B) 


+ (Ag to A >B) TURN OFF DELAY TIME — ns 


tpd 


Ta — AMBIENT TEMPERATURE — °C 


tod - (Ag to A<B) TURN ON DELAY TIME - ns 


era | | | eee 


Vout A=B 
pinay 1 tv 


B) TURN ON DELAY TIME — ns 


tog - (A2 to A 


‘od? A7toA=B 
Conditions 
Pin 1=GND 
All other inputs high 


Turn On Delay Time Versus 
Ambient Temperature 
(A, TO A=B) 


25 125 
Ta — AMBIENT TEMPERATURE — °C 


Turn On Delay Time Versus 
Ambient Temperature 
(A, TO A < B) 


Ta — AMBIENT TEMPERATURE — °C 


TRUTH TABLE 
Outputs 
A=B 


Am9324 LOADING RULES (in unit loads) 


Pin Input Output Drive 
Input/Output No.’s Load HIGH LOW 


A<B 18 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


Table | 
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MSI INTERFACING RULES 


=s 
{ee} 


Equivalent 
Input Unit Load 


Interfacing 


- 
bh 


Digital Family HIGH LOW 

Advanced Micro Devices 54/7400 1 
Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 1 
TI Series 54/7400 1 
Signetics Series 8200 2 

1 

2 


= 
nn 


4 
o 


Table III 


National Series DM 75/85 
DTL Series 930 1 


Table II 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 
OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN*LOW* 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


IMMUNITY 
(High level) 


GND > 
Vitg 
MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


MAXIMUM LOGIC Current Interface Conditions — HIGH 


“LOW” INPUT 
VOLTAGE OUTPUT DRIVING 
NOISE “HIGH™ 
IMMUNITY 
{Low level} 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


INPUT LOAD 
ORIVEN"HIGH* 


DRIVING DEVICE 


DRIVING 
DEVICE 


DRIVEN DEVICE 


DRIVEN 
DEVICE 


Figure 6 
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Am9324 APPLICATIONS 


Ao AL AZ AzAa 00 87 83 & Ao AL AZ AIAG 89 8187 83 Be Ro AV AZAD Ae Bg 8) 82 8) Ae 
of, Am9324 5-BIT of, Am9324 5-BIT _ Am9324 5-BIT 
COMPARATOR COMPARATOR COMPARATOR 


aw aw Atk ae Aw o ae Aw an 


A>B A<B AB 
YY 
OUTPUTS APPLICABLE 
TO ENTIRE WORD 


SERIAL EXPANSION 


Figure 7 


Ao Aa Bo 84 As Ag Bs Bg Aio A414 Bio B14 Ais 819815 Aig A290 A24 B29 B24 


_ Am9324 5-BIT 
COMPARATOR 


aw au aw 


Bo wr By By he Ay ATAD AZ Ag Bg HU? By hy 


J, Am9324 5-BIT 
COMPARATOR 


rer ae re 


eervetyy 


Au AY Ap AY Ae 


of, Am9324 5-BIT 
COMPARATOR 


aw ae roy 


fy Hite By by By bs 87 By te 


Am 9324 5-BIT 
COMPARATOR 


an An ae 


Ay AL AZ AS Ag Hu M1 B7 By By 


Am9324 5-BIT 
COMPARATOR 


Ay Ar AD AI Ag 8p 81 67 By He 


J. Am324 5-BiT 
COMPARATOR 


ae aw aw 


ENABLE 


A>B A<B_ A=B 


PARALLEL EXPANSION 
This method of expansion is much faster than the serial method for large word lengths and uses the same 
number of packages. 
Figure 8 
PHYSICAL DIMENSIONS 


Hermetic 
Dual-In-Line Molded 


k 
as 
32 


E1 15 A>B 

A<B2 WA=8 
Bo 3 13 Ap ADVANCED 
MICRO 

By4 12 Ay 

Bs ie DEVICES INC. 
83 6 ae 901 Thompson Place 
Sunnyvale 
B47 9A4 California 94086 


(408) 732-2400 
. TWX: 910-339-9280 
72 x 99 Mils TELEX: 34-6306 - 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry. entirely embodied in an Advanced Micro Devices product. (3) 


Am93L24 


Low-Power Five-Bit Comparator 


Distinctive Characteristics 


e 100% reliability assurance testing in compliance with 
MIL STD 883 


® 68 ns typical compare time. 


e 52 mw typical power dissipation. 


FUNCTIONAL DESCRIPTION 


The Am93L24 is a high-speed expandable comparator which 
compares two 5-bit words, A and B, and gives outputs of 
“A greater than B,” “A equal to B” and “‘A less than B.” An 
active LOW enable is provided which forces the three outputs 
LOW when the enable goes HIGH. 


Comparators can be connected in series or parallel to obtain 


comparison over large word lengths. For series connection 
the A> B and A < B outputs are connected to the least sig- 
nificant A, and By inputs of the next most significant com- 
parator. Parallel connection uses the same number of devices 
as the series method and is considerably faster when com- 
paring over large word lengths. Parallel connection is accom- 
plished by comparing the A>B, A<B outputs of several 
comparators by additional comparators. — 


TRUTH TABLE 


Outputs 
A=B 


L 
L 
H 
L 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


Table |! 


LOGIC DIAGRAM 


LOADING RULES 
In Unit Loads (Notes) 


TTL LOADS 
HIGH LOW 
1.0 0.5 
HIGH 
10 
9 


93L LOADS 


HIGH LOW 
2.0 2.0 
HIGH LOW 
20 12 
18 12 


Input Load Factor 


All inputs 


Output Drive 
A>B,A<B 
A=B 


LOW 
3 
3 


NOTES: 
INA anil unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 


2) A hice unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 wA 


3) Eeandh output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a VQ, of 0.3 V. 


Am93L24 ORDERING INFORMATION 


Package Order 
Type Number 
16-Pin Molded DIP 0°c to. Ecce, * U6M93L2459X 
16-Pin Hermetic DIP °C to +75°C U7B93L2459X 
16-Pin Hermetic DIP , .—55°C'to:-£125°C U7B93L2451X 
16-Pin Hermetic Flat: Pak 275520 to +125°C U4L93L2451X 
Dice. < 5 «Note UXX93L24XXD 


Note: The dice supplied will contain units which meet both 0°C to +75°C and 
-55°C to +125°C temperature ranges. 


LOGIC SYMBOL 


13 12 1110 9 


Ao A1 A2 A3 AG Bo By B2 Bg 84 


Am93124 5-BIT COMPARATOR. 


GND = PIN8 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


—65°C to +150°C 
—55°C to +125°C 
—0.5Vto+7V 
—0.5 V to +Ve¢ max 
—0.5V to +5.5V 

30 mA 

—30 mA to +5.0 mA 


Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for High Output State 


DC Input Voltage 


Output Current, Into Outputs 
DC Input Current (Note 1) 


Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L2459X  T, =0°C to + 75°C Veg = 4.75 V to 5.25 V 
Am93L2451X - T,=—55°C to +125°C §=— Veg = 4.50 V to §.50 V 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Vin = Vin OF Vit 


Voc = MIN., lo, = 4.92 mA 
Vin = Vin OF Vip 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Level Guaranteed input logical HIGH 


voltage for all inputs 


Guaranteed Input logical LOW 
voltage for all inputs 


Input LOW Level 


93L Unit Load 
Input LOW Current 


93L Unit Load 


hi “Voc = MAX., Vin = 0.3 V 


(Note 2) 


Vec = MAX,, Vin = 2.4 V A 
Input HIGH Current Ge Mee IN 
Input HIGH Current Veco = MAX., Viy = 5.5 V mA 
Output Short Circuit Current Veco = MAX., Voy, = 0.0 V mA 


Power Supply Current 


Notes: 1) Typical limits are at Veg = 5.0 V, 25°C ambient and maximum loading. 
2) Actual Input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS (7, = 25°c) 


Parameters Description Test Conditions Min 


Typ ax 

tog, (E-A = B) | Turn Off Delay Enable Input to A = B Output 21 32 

t.g_(E-A = B) 30 45 

toa, (E-A % B) 20 30 

tog(E-A # B) | Turn On Delay Enable toA << BandA>B 24 36 

tog,(A,A>B) |Turn Off Delay A, Input to A > B Output 54 
pay (Az-A> y P > P Voc = 5:0 V, C, = 15 pF | 1 | 36 | 

74 

76 

67 

90 


Voc = 5.0 V, C, = 15 pF 
Turn On Delay Enable Input to A = B Output 


Turn Off Delay EnabletoA << BandA>B 


10 
15 
15 
12 
) i 18 
ba (ArASB) ar 
Heueeteos [umonoer Miesenes ly seoeanee |= eo 
ps 
Turn Off Delay A, Input to A = B Output os 
trg_(A,-A=B) |Turn On Delay A, Input to A = B Output 


tog+ |(A,or B,) Turn Off Delay Any Input to A<B Output 


tis, to A< Bi Turn On Delay Any Inputto A<B Output 
toa+ {(A,or B,)| Turn Off Delay Any Inputto A>B Output 
jg. (0 A> Bi Turn On Delay Any tnputto A>B Output 


SWITCHING TIME WAVEFORMS 


Worst case maximum 
propagation delay. 


27 


68 
51 
45 
67 

54 80 
56 84 


INPUT | 1.5V 


af 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


OUTPUT | 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product 


Am9328 


Dual 8-Bit Shift Register 


Distinctive Characteristics: 


» 100% reliability assurance testing including high- e 
temperature bake, temperature cycling, centrifuge 
and package hermeticity testing in compliance with e 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am9328 low-power dual 8-bit shift register provides 
16 bits of high-speed serial storage in two identical shift 
registers, each consisting of 8 master slave RS flip-flops. 


Data to each register is selected from one of two sources, 
Do and D,, by a two input multiplexer controlled by DS (data 
select). When DS is HIGH, data is entered from the D, input; 
when DS is LOW data is entered from the Do input. 


The two shift registers have separate clock inputs and a com- 
mon clock input. The common clock is OR’ed with the separ- 
ate clock inputs, so that for each register one clock input can 
be used as a clock line and the other as an active LOW shift 
enable. The registers can then be operated with a common 
clock and independent shift enables or with independent 
clocks and a common shift enable. 

Data is entered into the masters of the flip-flops while the 
clock is LOW. During the clock pulse LOW-to-HIGH transition 
the masters are inhibited from further change, and the data 
is transferred to the slaves. As long as the clock is HIGH, 
the masters cannot change and the slaves are connected to 
the masters. When the clock goes from HIGH to LOW, the 
slaves are inhibited from changing and new data is entered 
into the masters. 

An asynchronous active LOW master reset (MR) resets all 
16 bits of shift register to the ‘‘0” state independent of any 
other inputs to the device. 


LOGIC DIAGRAM 


Lik. 
© nang ial 


OD Q 
RCp Ao fo a a ce 
Hr 


Package 
Type 
Molded DIP 75°C, “3 U6M932859X 
Hermetic DIP 7 U7B932859X 
46 U7B932851X 
U4L932851X 
UXX9328XXD 


Note: The dice supplied will contain units which meet both 0°C to +75°C and 
—55°C to +125°C temperature ranges. 


o> ie at rt me = aT Cy if 
ii p Coos ° Roan D ies f ss fi ea y C005 D 


Mixing privileges for obtaining price discounts. 


Refer to price list. 
Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


LOGIC SYMBOL 


Am9328 
REGISTER 1 


Am9328 | 
REGISTER 2 


Voc = PIN 16 
GND = PIN8 


s 
f ty ‘I, 
ia Atos R 


ii Q, 
ce 


Roar p 


CONNECTION DIAGRAM 
Top View 


GND cP COMMON 
NOTE: Pin 1 is marked for orientation 
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MAXIMUM RATINGS 


(Above which the useful life may be impaired) 


Storage Temperature 


—65°C to +150° 


Temperature (Ambient) Under Bias 


—55°C to +125° 


Vin Input HIGH Level Guaranteed input logical HIGH 
: voltage for all inputs 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5 Vto +7 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec ma 
DC Input Voltage —0.5 V to +5.5 
Output Current, Into Outputs : 30m 


DC Input Current —30 mA to + 5.0m 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am932859X T, == 0°C to +75°C Voc = 5.0 V 5% 
Am932851X T, = —55°C to +125°C Vo, =5.0V 110% 
Test Conditions Min Units 


oe =MIN., lou = = —0.8 mA 
Vin = Vin OF Vi 


Parameters Description 


ko Output HIGH Voltage 
Veco = MIN., lo, = 16.0 mA 
Output LOW Voltage cc * OL 
ei 


Typ (Note 1) 


Input LOW Level Guaranteed input logical LOW 
’ voltage for all inputs 
Unit Load 
I, (Note 2 = = 0.4 —1.6 
Unit Load 
= MAX., Vy =2.4V 


Input HIGH Current Voc = MAX,, Vin = 5.5 V 


Output Short Circuit Current 


Power Supply Current 


Vec = MAX., 
Vout = 0.0 Vv 


932851X 
lec 


932859X 
Notes: 1) Typical Limits are at Vp, =5.0 V, 25°C ambient and maximum loading. 


2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


SWITCHING CHARACTERISTICS (r, = 25°c) 


Parameters Description Test Conditions Min. Typ. Max. Units 
tode Turn Off Delay (Q,, Q,) 8 13 23 ns 
toa Turn On Delay (Q,, Q,) L 4 Cd 22 39 | ns 

vrs} Turn On Dela 

toa - (MR) (MR to Q.) y 35 66 ns 
cP, Min. Clock 14 22 As 

7; LOW Pulse Width 

H . Vec = 5.0 Vv 
Min. Reset Pulse Width 

MR,,.(CPR) with CP HIGH C, =15 pF 20 30 ns 
MR. (CPL) Min. Reset Pulse Width : r 28 40 ne 

au with CP LOW | | 
t,(Dy,D,) | Data Set-up Ti a 1 ns 
, (Do, D, p Time 0 6 
t, (DS) — Time, Select Input | 0 16 ns 
f, Shift Frequency 20 30 MHz 


EFINITION OF TERMS 


JIBSCRIPT TERMS: 


Forward, applying to LOW inputs. 


HIGH, applying to a HIGH logic level or when used with Vcc 
indicate high Vcc value. 


Input. 


LOW, applying to LOW logic level or when used with Vcc to 
dicate low Vcc value. 


Output. 
Reverse, applying to HIGH inputs. 


INCTIONAL TERMS: 


» Input Asynchronous direct clear input. 
> Clock Pulse. The subscript, if any, to pulse waveshape. 
»C The clock input common to the two shift registers. 


in-Out The logic HIGH or LOW output drive capability in terms 
Input Unit Loads. 


put Unit Load One T’L gate input load. In the HIGH state it is 
jual to [, and in the LOW state it is equal to I,. 


} FLIP FLOP Flip Flop which sets when S input is HIGH and R 
out is LOW and is reset when S is LOW and R is HIGH. R=S= 
GH is undefined. 


_ The D input to the 8 bit shift register selected when DS is LOW. 
The D input to the 8 bit shift register selected when DS is HIGH. 


} The input setect control which determines whether data on D, 
D, enters the shift register. 
R 


The common asychronous active LOW master reset input. 
The true output of the last stage of a shift register. 
, The false output of the last stage of a shift register. 


OPERATIONAL TERMS: 


1, Forward input load current, for unit input load. 

Ig, Output HIGH current, forced out of output in Vo,, test. 

lo, Output LOW current, forced into the output in V., test. 

I¢e The current drawn by the device with input and output terminals 
open. 

ty, Reverse input load current with Vo, applied to input. 

Negative Current Current flowing out of the device. 

Positive Current) Current flowing into the device. 

Viy Minimum fogic HIGH input voltage. Refer to figure 4. 

Vii Maximum logic LOW input voltage. Refer to figure 4. 

Voy Minimum logic HIGH output voltage with output HIGH 

current !,, flowing out of output. 


Vo, Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level) 
CP, The minimum clock pulse width required for proper register 
operation. 


f, The shift frequency of the register. 


s 

MR,,, The minimum pulse width for resetting the register flip-flops. 
tu The propagation delay from the clock signal LOW-HIGH 
transition to an output signal HIGH-LOW transition. Refer to Figure 1. 
tray The propagation delay from the clock signal LOW-HIGH 
transition to an output signal LOW-HIGH transition. Refer to Figure 1. 
t,a_ (MR) The propagation delay from the master reset signal 
HIGH-LOW transition to the TRUE output signal HIGH-LOW transi- 
tion. 


t, Set-up time defined as the minimum time required for the logic 
level to be present at the data inputs prior to the clock transition 
from LOW to HIGH in order for the flip flop(s) to respond. 


SWITCHING TIME WAVEFORMS 


KEY TO TIMING DIAGRAM 


WAVEFORM (INPUTS 
MUST BE 


STEADY 


MAY CHANGE 
FROMH TOL 


AAA AAA —— AKA | eae 
AVATAR ATATAVAVAVATAYAVAYAAAA I YAPAUATATA oa 


DON'T CARE, 
ANY CHANGE 
PERMITTED 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING, 
STATE 
UNKNOWN 


The ‘‘set-up time’ is defined as the time required, relative to the clock, for a LOW to HIGH edge (tsH) or a HIGH to LOW edge (tsL) to propagate 
through internal delays. Logic transitions occurring before ts max are guaranteed to be detected; those occurring after ts min. are guaranteed 
not to be detected. Transitions between ts max and ts min. may or may not be detected. The minimum set up time for a LOW is sometimes called 


the “release time’’ for a HIGH. 


TRUTH TABLE Am 9328 LOADING RULES (in unit loads) 


Shift Selection Output Drive 
Pin Input Output Output 
D, Qo lta) Input/Output —No.’s Load HIGH LOW 


Common MR 


Register 2 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


TABLE | 


OS@BInI Ola! REO) mo] — 


Common CP 
MSI INTERFACING RULES Register1 CP 


i=) 


Equivalent 
Input Unit Load 


+ 
— 


Interfacing 


— 
nm 


Digital Family HIGH LOW a 


_ 
o 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 

Tl Series 54/7400 
_Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


re oe or 
O;an!;sr 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN*LOW* 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE Vou, 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level) VOLTAGE 


Vita GND = 
MAXIMUM LOGIC : 
“LOW” OUTPUT A MAXIMUM LOGIC 


Vou, 3 “LOW” INPUT iti ae 
VOLTAGE Brews UOURABE Current interface Conditions — HIGH 


OUTPUT/iNPUT VOLTAGE LEVELS — VOLTS 


1M ITY OUTPUT DRIVING INPUT LOAD 
(ipa iesal “HIGH” DRIVEN*HIGH* 


ORIVING DEVICE DRIVEN DEVICE 


DRIVING DRIVEN 
DEVICE DEVICE 


Figure 4 
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Am9328 APPLICATIONS 


DS Dg Oy =a 
Am9328 
8-BIT SHIFT 


Mr REGISTER 1 


Q% 


Qa, 


8S D9 


Am9328 
DW ae 
MR REGISTER2 Q7 
. 


Qy 
DATA 
INPUTS 


DATA 
OUTPUTS 


DS Oy Dy Q7 
Am9328 
> CP B-BIT SHIFT 


mR REGISTER1 = Q7 


Q2 


3 


ENTER/CIRCULATE 


DS Dg dy = 


p Am9328 


= 8-BIT SHIFT 
Py eS 
; 


Q. 
a 3 
RESET 


Q 


CLOCK 


SHIFT ENABLE 


PARALLEL/SERIAL MEMORY 


The Am9328 can be used asa high speed parallel/serial memory. Parallel data enters the memory under con- 
trol of the DS input, acting as an ENTER/CIRCULATE control, and at a later time appears in parallel at the 
outputs. A typical use for such a memory would be in multiplex display systems where the four parallel 
outputs represent an 8421 BCD decade of information. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic 


Metallization and Pad Layout 


COMMON MR 1 


16 Voc 
Q7 REGISTER 2 


15 G7 REGISTER 1 


a7 3 14 Q7 
oS 4 13.DS ADVANCED 
D5 12 Dy MICRO 
DEVICES INC. 
Po 6 a 901 Thompson Place 
cP 7 10 CP Sunnyvale 
GND 8 9 CP COMMON California 94086 


(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


79 x 102 Mils 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (4 


Am93L28 


Low-Power Dual 8-Bit Shift Register 


Distinctive Characteristics Ae ae: : 
e 100% reliability assurance testing in compliance with 


*» 80 mW typical power dissipation MIL STD 883 


®* 16 MHz typical shift frequency e Guaranteed fan-out of three with standard TTL circuits 


FUNCTIONAL DESCRIPTION ; LOGIC DIAGRAM 
The Am93L28 low-power dual 8-bit shift register provides 
16 bits of high-speed serial storage in two identical shift 
registers, each consisting of 8 master slave RS flip-flops. 


Data to each register is selected from one of two sources, 
Do and D,, by a two input multiplexer controlled by DS (data ops 5 
select). When DS is HIGH, data is entered from the D, input; . vs 
when DS is LOW data is entered from the’D» input. iia 
The two shift registers have separate clock inputs and a com- 
mon clock input. The common clock is OR’ed with the separ- 
ate clock inputs, so that for each register one clock input can 
be used as a clock line and the other as an active LOW shift 
enable. The registers can then be operated with a common 
clock and independent shift enables or with independent 
clocks and a common shift enable. F 5 eel faa 7 jem ae rm ; rm ; rm Ta 
Data is entered into the masters of the flip-flops while the 2 aL i L Lt |. I. L 
clock is LOW. During the clock pulse LOW-to-HIGH transition 
the masters are inhibited from further change, and the data 
is transferred to the slaves. As long as the clock is HIGH, 
the masters cannot change and the slaves are connected to 
the masters. When the clock goes from HIGH to LOW, the 
slaves are inhibited from changing and new data is entered 
into the masters. 

An asynchronous active LOW master reset (MR) resets all 
16 bits of shift register to the ‘‘0” state independent of any 
other inputs to the device. 


s 4 S$ Qs 
acgop He a R $0 a Cos D 


R Lib ae Jue a alk a a 


LOADING RULES LOGIC SYMBOL 
In Unit Loads (Notes) 
TTL LOADS 93L LOADS 
Input Load Factor | HIGH LOW | HIGH LOW 
MR, D,, D, 0.5 0.25 1.0 1.0 
Separate CP (Pin7 &10)| 0.75 oar | 1.5 1.5 : ce Anak 
D, 1.0 0.5 2.0 2.0 
Common CP (Pin 2) 1.5 0.75 3.0 3.0 
Output Drive HIGH LOW HIGH LOW ca 
Q,,Q, 8 3 16 12 penne oe Vcc = PIN 16 
NOTES: GND = PIN8B 


1) Miete unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 
2) ici unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 uA 
H 


3) Enough output LOW current is availab!'e to mix TTL and 93L loads and 
still meet the 93L requirement of a Vo, of 0.3 V. 


Am93L28 ORDERING INFORMATION MAXIMUM RATINGS (Above which the useful life may be impaired) 


g 
ea member aiule Nae Storage Temperature —65°C to +150°C 
e 
yp ange InP et: Temperature (Ambient) Under Bias —55°C to +125°C 
16-pin Molded DIP 0°C to +75°C U6M93L2859X Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5Vto+7V 


0°C to Abe 4 U7B93L2859X 


U7B93L2851X DC Voltage Applied to Outputs for High Output State —0.5 V to +Ve_ max 


U4L93L2851X DC Input Voltage —0.5 Vto +5.5V 
UXX93L28XXD 


16-pin Hermetic DIP 

16-pin Hermetic DIP 
16-pin Hermetic Flat Pak 
Dice 


Output Current, Into Outputs 30 mA 
DOC Input Current (Note 1) —30 mA to +5.0 mA 


Note: The dice supplie: it contain:-units which meet both 0°C to +75°C and 
55°C to +125°C"temperature ranges. Note 1. Maximum current defined by DC input voltage. 


w 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L2859X T,=0°C to +75°C Veco = 4.75 V to 5.25 V 
Am93L2851X T, = ~ 55°C to + 125°C Voc = 4.50 V to 5.50 V 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Veco = MIN., loy = —0.32 mA 
Vin = Vin OF Vip 

Veco = MIN., lo, = 4.92 mA 
Vin = Vin OF Vir 


Guaranteed input logical HIGH 
voltage for afl inputs 


Output HIGH Voltage 


Output LOW Voltage 0.3 Volts 


Input HIGH Level 2.0 


Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 


uh 
(Note 2) 


93L Unit Load. = = 
Input LOW Current Wee MM Mines O8¥ 


93L Unit Load t 
= : = 2, 
Input HIGH Current Vee = MAN Min iui 


—0.25 
Input HIGH Current Veo = MAX, Vin = 5.5 V 1.0 a mA 
Output Short Circuit Current Veco = MAX., Voy = 0.0 V —2.5 —16 —25 mA 
Power Supply Current Voc = MAX. 
Notes: 1) Typical limits are at Ve, = 5.0V, 25°C ambient and maximum loading. 


2) Actual input currents are obtained by multiplying unit load current by the 93L input load factor. (see loading rules) 


Nie 
(Note 2) 


SWITCHING CHARACTERISTICS (r, = 25°c) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Turn Off Delay (Q,, Q,) 

Turn On Delay (Q,, Q,) 43 80 ns 

Turn On Delay 5 110 

(MR to Q,) : he 

30 55 ns 
Veco = 5.0 V is =) 
Min. Reset Pulse Width es 
P = 2 6 

MR «(CPH) | vith CP HIGH C, = 15 pF ‘ : Ae 

Min. Reset Pulse Width 38 70 ns 


MR,,,(CPL) 


with CP LOW 
Data Set-up Time 


t, (Do, D,) 
t, (DS) 


Set-up Time, Select Input 


Shift Frequency 


SWITCHING TIME WAVEFORMS 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS 
MUST BE WILL BE 
STEADY STEADY 
WILL BE 
MAY CHANGE 
CHANGING 
ANY FROMHTOL = FROMH TOL 
WILL BE 
MAY CHANGE 
CHANGING 
Hf FROMLTOH FROM LTOH al 
; ADVANCED 
DON’T CARE; CHANGING; 
ANY CHANGE STATE MICRO 
; PERMITTED UNKNOWN DEVICES INC. 
Q7,07 901 Thompson Place 
lee Sunnyvale 
California 94086 
Note: The ‘set-up Time” is defined as the time required, relative to the clock, for a LOW to HIGH edge (tsH) or a HIGH to (408) 732-2400 


LOW edge(tsL) to propagate through internal delays. Logic transitions occurring before ts max are guaranteed to be TWX: 910-33 280 

detected; those occurring after ts min are guaranteed not to be detected. Transitions between ts max and ts min may / 910-339-9 

or may not be detected. The minimum set up time for a LOW is sometimes called the ‘release time’’ for a HIGH. TELEX: 34-6306 
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Am9334 


8-Bit Addressable Latch 


Distinctive Characteristics @ Active LOW common clear 

@ All eight outputs available @ One-of-eight decoder 

© Serial-to-parallel storage @ 100% reliability assurance testing in compliance with 
@ Addressable data entry MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am9334 is an 8-bit addressable latch featuring four separate modes 
of operation. These are: addressable latch, memory, eight-channel de- 
multiplexer and clear. The Am9334 contains eight separate latches 
with active-LOW common clear and active-LOW input enable on the 
single data input. 


ADDRESSABLE LATCH: When the enable is LOW and the clear is 
HIGH, the addressed latch output follows the data input. The addressed 
latch stores the last data input when the enable goes HIGH. The seven Am9334 
non-addressed latches remain unchanged. The three address ines should 8-BIT ADDRESSABLE LATCH 
remain unchanged while the enable is LOW in this mode. Qo 01 Oz 03 Q4 Os Og Q7 


MEMORY: When'the enable and clear are HIGH, al! eight latches retain 
their previous state and are unaffected by either the data or address 
inputs. To avoid transient wrong address codes, this mode should be 
used while changing the address inputs when operating the Am9334 as 
an addressable latch. 

DEMULTIPLEXER: With the enable andclear both LOW, the addressed 
latch output follows the data input. The seven non-addressed outputs 
remain LOW. Thus, when the data input is HIGH, the addressed latch 
output is uniquely HIGH. 

CLEAR: When the enable is HIGH and the clear is brought LOW, ail 
eight latch outputs are forced LOW regardless of other inputs. 


Ao Ai Ag 


Vec = Pin 16 
GND = Pin8 


LOGIC DIAGRAM 


c 


ap | 


. Am9334 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 
Package Temperature Order y 
Type Range Number oo a ee 


Molded Plastic DIP O°C to+75°C 9334PC 
Hermetic DIP 0°C to +75°C 9334DC 
Dice 0°C to +75°C 9334XC 
Hermetic DIP -55°C to +125°C 9334DM 
Hermetic Flat Pak -55°C to +125°C 9334 FM 
Dice -55°C to +125°C 9334XM 


Ao At GND 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


—55°C to +125°C 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5\ 
Output Current, Into Outputs 30 mA 


DC Input Current —30 mA to +5.0 m/f 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am9334XC Ta =0°C t0+75°C Voc = 5.0 V +5% 
Am9334XM Ta = —55°C to +128°C Voc = 8.0 V £10% 
Parameters Description Test Conditions Min. Typ.(Note 1) Max. Units 
Vcc =MIN., | =—0.72mA 
Output HIGH Voltage cc * OH " Volts 
VIN = ViH OF VIL | 
Vcc = MIN., | =9.6mA 
VoL Output LOW Voltage ve aay ae i 0.2 0.4 Volts 
a a ea Hs = 
Vin Input HIGH Level Guaranteed input logical HIGH voltage 2.0 | Volts 
| for all inputs He Es 
ViL Input LOW Level pe arias logical LOW voltage 0.8 Volts 
| : a 
iL [Unit Load “i Vec = MAX., Vin =0.4V | -1.0 -1.6 mA 
(Note 2) Input LOW Current : 
Unit Load S = 
Ny Input HIGH Current Vcc = MAX,, Vin = 2.4V 4.0 40 pA 
(Note 2) 
Input HIGH Current Vcc = MAX., Vin =5.5V | 4.00 | mA | 
Isc Output Short Circuit Current Vcc = MAX., Vout = 0.0 V —30 —65 —100 mA 
lec Power Supply Current Vcc = MAX. 56 86 mA 
Notes: 1. Typical Limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 
Switching Characteristics (Ta = 25°C) Limits 
Parameters Description Test Conditions Min. Typ. Max Units 
t Turn-Off Delay Enable to Output 16 23 
PLH y . Vcc = 5.0V, Cy = 15pF, (See Figure 1) ns 
tPHL Turn-On Delay Enable to Output | 15 24 
t Turn-Off Delay Data to Output 28 35 
PLH | . ? Voc = 5.0V, C= 15pF, (See Figure 2) ia ns 
tPHL Turn-On Delay Data to Output | 16 24 
| 
t Turn-Off Delay Address to Output 35 
des, > ote . Vec = 5.0V, CL = 15pF, (See Figure 3) | ns 
tPpHL Turn-On Delay Address to Output. . 35 
tPpHL r Turn-On Delay Clear to Output "] Vec = 5.0V, Cr = 15pF, (See Figure 5) T 21 | ns 
t,(H) Set-up Time HIGH Data to Enable ‘| 20 13 . 
th(H) Hold Time HIGH Data to Enable wi 
" | (See Note 5) L 0 10 a . 
Vcc = 5.0V, (See Figure 4} Sok aa — 
t.(L) Set-up Time LOW Data to Enable 17 10 ee 
th(L) Hold Time LOW Data to Enable is 4 
n (See Note 5) 0 ig Ba 
i Set-up Time Address to Enable = . 
t,(A-E) (See Note 3) Vcc = 5.0V, (See Figure 6) 5 | 0 ns 
towlE) Enable Pulse Width Vcc = 5.0V, (See Figure 1) 17 11 ns 
Notes: 3. The Address to enable set-up time is the time before the HIGH-to-LOW enable transition that the address must be stable so that the correct Jatct 
is addressed and the other latches are not affected. : 
4. The cross hatched areas indicate when the inputs are permitted to change for predictable output performance. > 
5. Another way of specifying a negative hold time is to specify a positive release time. When specified, the release time falls within the set-up interval 


time thereby giving the equivalent of a negative hold time. 


SWITCHING TEST TIME WAVEFORMS 


1.5V 


Other Conditions: C = H, A = Stable 


Figure 1. Turn-On & Turn-Off Delays 
Enable to Output and Enable Pulse Width 


Other Conditions: E = L, C = H, A = Stable 


Figure 2. Turn-On & Turn-Off Delays Data to Output 


Other Conditions: E=L,C =L,D=H 


Figure 3. Turn-On & Turn-Off Delays Address to Output 


Other Conditions: C = H, A = Stable 


Figure 4. Set-up & Hold Time Data to Enable 
(See Notes 4 & 5) 


Other Conditions: E = H 


Figure 5. Turn-On Delay Clear to Output 


STABLE ADDRESS 


—, 
Other Conditions: C = H 


Figure 6. Set-up Time Address to Enable (See Note 4) 


PERFORMANCE CURVES 
INPUT/OUTPUT CHARACTERISTICS 


Low State 


Output 


High State 


Input 

< 

E 

ps j 
7 i 
| Zz 
- Ww 
z ra 
Ww oc 
ir =) 
ES rs) 
° 5 
5 = 
a 2 
2 fo) 

J 1 
zZ 5 
> 2 

: ) 
1.0 ty) 1.0 2.0 3.0 0 05 


Vin — INPUT VOLTAGE — VOLTS 


1.0 
Vout — OUTPUT VOLTAGE — VOLTS 


1.5 


lout — OUTPUT CURRENT — mA 


80 
~1.0 1.0 3.0 5.0 7.0 
Vout — OUTPUT VOLTAGE — VOLTS 


2.0 
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DEFINITION OF TERMS 


SUBSCRIPT TERMS 

H HIGH, applying to a HIGH logic level or when used with 
Vec to indicate high Vcc value. 

I Input. 

L LOW, applying to LOW logic level or when used with Voc 
to indicate low Vcc value. 

O Output. 


FUNCTIONAL TERMS 


Ao-2 Write address field. Data on D is written into the loca- 
tion specified by the A address field. 

E On going from a HIGH logic level to a LOW logic level (clear 
HIGH), the addressed latch output will follow the information 
on the D input. When the enable input goes from a LOW logic 
level to a HIGH logic level, the data on the D input is stored in 
the addressed latch. 

C The clear input is used in conjunction with the enable input 
to select the operating mode of the device. See the mode 
selection table for definition of states. 

D Information on the D input is written into the latch spec- 
ified by the A address field when the enable goes from a LOW 
logic level to a HIGH logic level. 


Fan-Out The logic HIGH or LOW output drive capability in 


_ terms of Input Unit Loads. 
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Input Unit Load One T2L gate input load. In the HIGH state 
it is equal to 40uA at 2.4V and in the LOW state it is equal to 
—1.6mA at 0.4V. 


Qo-7_ The eight individual latch outputs. 


OPERATIONAL TERMS 
Ij. Forward input load current. 


lon Output HIGH current, forced out of output in Voy test. 


lo. Output LOW current, forced into the output in Vo, test. 
lec The current drawn by the device from Vcc power supply 
with input and output terminals open. 

liq Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic H!GH input voltage. 

Vit Maximum logic LOW input voltage. 

Vin Input voltage applied in Ij, lyy tests. 

Vou Minimum logic HIGH output voltage with output HIGH 
current Igy flowing out of output. 


VoL Maximum logic LOW output voltage with output LOW 
current Io, flowing into output. 


SWITCHING TERMS 


tpLy Propagation delay time for LOW-to-HIGH output tran- 
sition. The time between the specified reference prints on the 
input and output voltage waveforms (TTL = 1.5 volts) with the 
output changing from the LOW level to the HIGH level. 

tpH_ Propagation delay time for HIGH-to-LOW output tran- 
sition. The time between the specified reference points on the 
input and output voltage waveforms (TTL = 1.5 volts) with the 
output changing from the HIGH level to the LOW level. 

t, Hold time. The time interval for which a signal is retained 
at a specified level for a specified input terminal after an active 
transition occurs at another specified input terminal. 


t, Set-up time. The time interval for which a signal must be 
applied and maintained at a specified level for a specified input 
terminal before an active transition occurs at another specified 
input terminal. , 


co The minimum LOW enable pulse width required to write 


data into the addressed latch. Refer to Figure 1. 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


IMMUNITY 
(High level) 


Vito 
MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


(MMUNITY 
(Low level) 


DRIVING DEVICE DRIVEN DEVICE 


ORIVING 
DEVICE 


DRIVEN 
DEVICE 


Current Interface Conditions — LOW 


OUTPUT DRIVING 
“LOW" | 


INPUT LOAD 
DRIVEN “LOW” 


OUTPUT LOAD 


ON | 
TOL 
= GnNo= | 


Current Interface Conditions — HIGH 


INPUT LOAD 
DRIVEN “HIGH 


OUTPUT DRIVING | 
“HAIGH” 


MS! INTERFACING RULES LOADING RULES 


Equivalent Fan-out 
Interfacing Input Unit Load Input Output Output 
Digital Family HIGH LOW Input/Output Pin No.’s Unit Load HIGH LOW 


Advanced Micro Devices 9300/2500 Series Ao 1 = 


1 
FSC Series 9300 1 Ay 1 
Advanced Micro Devices 54/7400 Series 1. A2 1 
Tt Series 54/7400 1 Q 
2 
1 
1 


Signetics Series 8200 
Nationa! Series DM 75/85 
DTL Series 930 


Q) 
Q2 


FUNCTION TABLE 
Mode 


Addressable Latch 
Memory 
Active HIGH Eight-Channel Demultiplexer 


Clear 


TRUTH TABLE 


Input States Present Output States 


CLEAR 
DEMULTIPLEX 


X = Dont’t Care Condition 

L = LOW Voltage Level 

H = HIGH Voltage Level 
Qn— 1 = Previous Output State 
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APPLICATIONS 
32-BIT ADDRESSABLE LATCH AND 1-OF-32 DECODER/DEMULTIPLEXER 


“AOORESS 
DATA 
INPUT Xq X4 Xo X3 X4 


Ao Ay 
1/2 Am9321 


Ap Ay Ag 


Ago Ay A2 


Am9334 
8-BIT ADDRESSABLE LATCH 


0 23 4 5 6 


Am3334 
8-BIT ADDRESSABLE LATCH 


123 4 5 6 7 


Am9334 
8-BIT ADDRESSABLE LATCH 


0 12 3 4 § 6 


Am9334 
8-BIT ADDRESSABLE LATCH 


12 3 4 


1 7 


CLEAR 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Ceramic Molded 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 


DIE SIZE 0.065” x 0.096" TELEX: 34-6306 | 
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Am9338 


8-Bit Multiple Port Register 


Distinctive Characteristics: * 100% reliability assurance testing in compliance with 
e 8 word x 1 bit simult ara MIL STD 883 
address reaistiee re igen eo e Electrically tested and optically inspected die for the 


assemblers of hybrid products 
e Mixing privileges for obtaining price discounts. 

Refer to price list 
e Available in highly reliable molded, hermetic dual 
e Slave enable allows scanning of memory contents. in-line or hermetic flat package 


e Access time of 48 ns typical. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am9338 is a three-address eight-bit register organized 
as eight words of one bit per word. The register is designed 
for high-speed memory applications and is particularly 
suitable as the high-speed scratch pad memory in military 
and commercial three-address computers. Data can be writ- 
ten into one location and simultaneously read from any two 
locations. 


The register is organized in a master slave arrangement 

where there are eight master latches and two slave latches. 

Data on the D, input is stored in the master latch selected by 

the write address field A during the clock LOW time. Data 

from the eight masters is then selected by the two independ- MULTIPLE 
ent read address fields B, C and stored in the two slave 2 _ PORT 
latches during the clock HIGH time. This eight master two REGISTER 
slave arrangement makes the register indistinguishable from 

an eight master eight slave system and allows both the two 

read addresses B and C and the write address A to be simul- 2g 2c 
taneously applied to the register at the start of a clock cycle. 


A slave enable is provided which if held LOW continuously 
enables the two slave latches and immediately transfers 
information from the master latches to the outputs so that 
the memory contents can be scanned asynchronously. Veg = PIN 16 


GND = PIN8 


LOGIC DIAGRAM 


CONNECTION DIAGRAM 
Top View 


Package oe Veco Ao 
Type : 


Molded DIP to. 75! U6M933859X 
Hermetic DIPS” ...0°G to +75° U7B933859X 
Hermétic DIP = 55°C to + 125°C +~U7B933851X + 

Hermetic Flat Pak —55°C to +125°C U4L933851X 
Dice Note UXX9338XXD 


Bo By 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. NOTE: PIN t is marked for orientation. 


MAXIMUM RATINGS = (Above which the useful life may be impaired) | 
Storage Temperature ~—65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltagé to Ground Potential (Pin 16 to Pin 8) Continuous —0.5 Vto +7 \ 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vee ma: 
DC Input Voltage —0.5 V to +5.5\ 
Output Current, Into Outputs 30 mé 
DC Input Current —30 mA to +5.0 mé/ 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am933859X T,=0°C to +75°C Veco =5.0 V +5% 
Am933851X T,= —55°C to + 125°C Voc =5.0 V +10% 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 

Voc = MIN., [54 = —0.8 mA 

Vv Output HIGH Voltage “CC ’ OH 2.4 3.6 Volts 
Veco = MIN., Io, = 16.0 mA 

V Output LOW Voltage cc rol 0.2 0.4 Volts 

ide a g Vin = Vin OF Vir 

Vin Input HIGH Level Guaranteed input logical HIGH 20 Volts 
voltage for all inputs 

Vit Input LOW Level Guaranteed input logical LOW 0.8 Volts 
voltage for all inputs 


Unit Load 
! 2 Vee = MAX.,, Vy = 0.4 V —1.0 —1.6 A 
Eee Input LOW Current cea INS? n 
Unit Load 
= MAX., V., = 2.4 V ‘ 40 A 
Iyq (Note 2) | Input HIGH Current Vee iN f 


input HIGH Current Veco = MAX,, Vin = 5.5 V | 1.0 mA 
Output Short Circuit Current | Voc = MAX., Voy; = 0.0 V | —10 _| 


lec Power Supply Current Veco = MAX. 


Notes: 1) Typical limits are at Veco =50V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by input load factor (see Loading Rules). 


SWITCHING CHARACTERISTICS (7, = 25°) (Vcc = 5.0V, 6, = 15 pF) 


Parameters Test Conditions Min Typ Max Units 


Turn Off Delay CP to Output 
t 


ed+ 
Nhetis =n Turn On Delay CP to Output 

toa (D,-2) Turn Off Delay Data to Output 

toa (D,-2) Turn On Delay Data to Output 

pa+ (B,C-Z) Turn Off Delay Address to Output CG =H 

tia- (B,C-Z) Turn On Delay Address to Output ate 
| t4(D,) | Set Up Time HIGH Data 
| (A) | Set Up Time, Address Inputs Sara 
Minimum LOW Clock Pulse Width =a 
| cP,,‘H’ | Minimum HIGH Clock Pulse Width ie a. ol 
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TYPICAL INPUT AND OUTPUT CHARACTERISTICS 


Input Current Versus 
Input Voltage 
D, A, A, A.C, Cc, Cc, B, B, B, 


— INPUT CURRENT — mA 


Input Current Versus 
Input Voltage 
SLE 


Output Current Versus 
Output Voltage Z, and Z, 
(Low State) 


louT ~ OUTPUT CURRENT —mA 


-1.0 0 


Vin ~ INPUT VOLTAGE — VOLTS Vin — INPUT VOLTAGE ~ VOLTS 


Figure 1 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH logic level or when used with Voc 
to indicate high Vcc value. 

1 Input. 

L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 

O Output. 


FUNCTIONAL TERMS: 


A,_, Write address field. Data on D, is written into the location 
specified by the A address field. 

B,_. Read address field. Data stored in the master latch specified 
by the B Read Address Field is transferred to the B slave latch and 
appears at the Z, output when the clock pulse goes from a LOW 
logic level to a HIGH logic level. 

C,_, Read Address Field. Data stored in the master latch spe- 
cified by the C Read Address Field is transferred to the C slave 
latch and appears at the Z, output. when the clock pulse goes from 
a LOW logic level to a HIGH logic level. 

CP Clock Pulse. On going from a HIGH logic level to a LOW logic 
level the information on the D, input is stored in the master latch 
specified by the Write A Address Field. When the clock pulse goes 
from a LOW logic level to a HIGH logic level information from the 
master latch or latches specified by the B and C Read Address 
Fields are stored in the two slave latches and appears at the out- 
puts Z,, Zc. 

D, Information on the D, input is written into the master latch 
specified by the A Address Field when the clock goes from a 
HIGH logic level to a LOW logic level. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

Input Unit Load One T’L gate input load. In the HIGH state it is 
equal to {|,, and in the LOW state it is equal to I). 

SLE Slave Enable. When LOW continuously allows information 
from the master latch addressed by the two read fields B, C to 
appear at the outputs Z,, Zc. 

Z, The B read address output. 

Zo The C read address output. 


OPERATIONAL TERMS: 


1, Forward input load current. 
Io Output HIGH current, forced out of output in Vo,, test. 
Jo, Output LOW current, forced into the output in Vo, test. 


Icc The current drawn by the device from V¢c power supply with 
input and output terminals open. 


Figure 2 


Ee Meee 
0 


1.0 2.0 ) 0.2 0.4 0.6 08 1.0 
VouT — OUTPUT VOLTAGE — VOLTS 


Figure 3 


I, Reverse input load current. 
Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 


Vin Minimum logic HIGH input voltage. 
V,, Maximum logic LOW input voltage. 


Vin Input voltage applied in 1),, |), tests. 


Vox Minimum logic HIGH output voltage with output HIGH 
current IQ, flowing out of output. 

Vo, Maximum logic LOW output voltage with output LOW current 
lo. flowing into output. 


SWITCHING TERMS 


tia, The propagation delay from the clock input LOW to HIGH 


transition to the Z output LOW to HIGH transition. Refer to Figure 4. 


tg. The. propagation delay from the clock input HIGH to LOW 


transition to the Z output HIGH to LOW transition. Refer to Figure 4. 
t, (D,) The time required for a LOW logic level to be present at 
the D, input prior to the clock input transition from LOW to HIGH 
in order for the master latch to retain a LOW logic level. Refer to 
Figure 7. LOW data must be present at all times between t,, max. 
and t,,, min. 

t,,(D,) The time required for a HIGH logic level to be present at 
the D, input prior to the clock input transition from LOW to HIGH 
in order for the master latch to retain a HIGH logic level. Refer to 
Figure. 7. HIGH data must be present at all times between t,,, max. 
and t,, min. 

t(A) The time, relative to either clock edge, required for the de- 
vice to respond to changes on the A address inputs. 

t.44 (D,) The propagation delay from the data input LOW to HIGH 
transition to the Z output LOW to HIGH transition. Refer to Figure 5. 
ta (D,) The propagation delay from the data input HIGH to LOW 
transition to the Z output HIGH to LQW transition. Refer to Figure 5. 
‘t,a4(B,C-Z) The propagation delay from the B or C address input 
transition to the Z output LOW to HIGH transition. Refer to Figure 6. 
tg_(B,C-Z) The propagation delay from the B, C address input 
transition to the Z output HIGH to LOW transition. Refer to Figure 6. 
cP. ‘L’ The minimum LOW clock pulse width required to write 
data into the master latch. Refer to Figure 8. 

CP. ‘H’ The minimum HIGH clock pulse width required to store 
information into the slave latch. Refer to Figure 9. 
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TYPICAL SWITCHING TIME CHARACTERISTICS 


All inputs and outputs loaded with 15 pF capacitance only. Output capacitance is referred to as C,. 


Propagation Delay Versus Propagation Delay Versus Propagation Delay Versus 
Ambient Temperature Ambient Temperature Ambient Temperature 
(CP to Z) (Read Address to 2) 


a 
Oy a 
i es a Os 
Bm Se 


tpd — PROPAGATION DELAY ~— ns 
tod — (DA) PROPAGATION DELAY — ns 


tod — (B,C-Z) PROPAGATION DELAY — ns 


125 25 125 
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 


Figure 4 Figure 5 Figure 6 


Set Up, Release Time 
Versus Minimum LOW Minimum HIGH 
Ambient Temperature Clock Pulse Width Clock Pulse Width 


crete] | | fT fT 7 
f nema 


60 F Vcc = 5.0V. 


———— 


ts, r ~ SET UP, RELEASE TIME — ns 


a 2 
c Cc 
| ! 
= = 
a 3) 
= = 
4 w 
a 3 
z 2 
=“ x 
Oo oO 
° o 
a a 
rz) ° 
| ! 
~ = 
2 3 
a. a 
& & 


ee i 
re C ( C DO CS GR WE SS) 


Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 


125 


Figure 7 Figure 8 Figure 9 


SWITCHING TIME WAVEFORMS KEY TO TIMING DIAGRAM 


AT LEAST 
be AT LEAST CP,wH 


CP owt 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 

top, (D) STEADY STEADY 
SH = 


MAX ts_ (D) MAX 


J~—— tg) (D) MIN — tgp(D) MIN 


THT AWM TT saleaaige. ita» 
TLE, AAA AAA 7/7 FROM TOL ERO 


aay b~— —~| 1, (A) MIN 
WANA AVA VAY FROM TON — CHANGING 
ne WARK 2228557 AAA es 


= f DON'T CARE: CHANGING; 
ee ‘ ANY CHANGE STATE 


ae , . hee aed 
ts (2 ta (80-2 tse fy ft 
HTTTT IV N\A Him 
7.0 STL W WW Hh} AK 


——— ——— 


READ LOW IN LOCATION i; READ HIGH READ LOW WRITE LOW IN 
WRITE A HIGH IN LOCATION i IN LOCATION j LOCATION k 


ed 
MASTERS AND SLAVES ENABLED; 
DELAY FROM DATA TO 
OUTPUT OBSERVED 
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MSI INTERFACING RULES Am9338 LOADING RULES (in unit loads) 


: Equivalent 
Interfacing Input Unit Load Pin 


Digital Family HIGH LOW Input Output Drive 


Input/Output No.’s Unit Load HIGH LOW 
1 1 0.625 
0.625 
0.625 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 1 
Advanced Micro Devices 54/7400 1 
TI Series 54/7400 1 
Signetics Series 8200 2 

1 

2 


aye} oO] p 


National Series DM 75/85 
DTL Series 930 1 


1 
1 
1 
2 
1 
1 


a}oafaujoa]a 
ALO MlH/O;Ol;alini a 


aja 
Ora 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions —- LOW 
OUTPUT DRIVING INPUT LOAD 
"LOW" DRIVEN"LOW" 


OUTPUT LOAD 

MINIMUM LOGIC 

“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


IMMUNITY 
(High fevel) 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


DRIVING DEVICE 


ORIVING 
DEVICE 


‘we 
NOISE 
IMMUNITY 
(Low fevel) 


Vita 
MAXIMUM LOGIC 


“LOW" INPUT 
VOLTAGE 


DRIVEN DEVICE 


DRIVEN 
DEVICE 


GND = 


Current Interface Conditions — HIGH 


OUTPUT DRIVING 
"HIGH" 


INPUT LOAD 
DORIVEN'HIGH" 
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Am9338 APPLICATION 
THREE ADDRESS ARITHMETIC REGISTER 4-BIT SLICE 


SHIFT L 
OuT CARRY SIGNALS 
TO NEXT 9340 


SHIFT R 
OUT 


SHIFT R 
INPUT <=) SHIFT L 


tNPUT - 


‘oa Sta "20 '3a Sob 'tb '26 '3p Yoo Ma "2a '32 00 1b !2p '30) 
aa ‘Am 9309 DUAL 4- INPUT So am 9309 QUAL 4-INPUT 
SHIET, { Sy MULTIPLEXER 


SELECT 


ALU BUS 
OUTPUTS 


ey cal 
Ag0a Cp SLE 


Am9338 8 Am9338 Am9338 


8 
y 8-BIT 8-BIT 8-BIT 8-BiT 
REGISTER MULTIPLE MULTIPLE MULTIPLE MULTIPLE 
ADDRESS 2: PORT 2 PORT PORT 2 PORT 
REGISTER REGISTER REGISTER REGISTER 


om Sta '2a '3a op te '2p '3b 'oa Na '20'3a "op Np '2n '3p) 


SOURCE Sq am 9309 DUAL 4-INPUT Sp Am 9309 DUAL 4 - INPUT 
REGISTER 1 ewes Sy MULTIPLEXER, 5 MULTIPLEXER 
2p 2,52 2, 


A typical three address 
arithmetic register system 
where two operands can Yoo ta "20 38 op Sp zy '3p Soa ‘1a '2a'3a oo bt '2b "3p 
be taken from any two SPC HER® an ASmULTPUEXch Fy Am MULTIPLEXER 
registers, operated upon, 2s 2p tn e 
and the result written in 

to any register in the system. 


PHYSICAL DIMENSIONS 


Hermetic Dual-In-Line 


Molded 


Miss Wage ee | 


-090 015 325 


Metallization and Pad Layout 
77 x 125 Mils 


; ADVANCED 
ik MICRO 
a DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Am93L38 


Low-Power 8-Bit Multiple Port Register 


Distinctive Characteristics: 


e 100% reliability assurance testing in compliance with 
e Three address register MIL STD 883 


e Synchronous or asynchronous operation © 80 mW typical power dissipation. 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am93L38 is a. three-address eight-bit:register organized 
as eight words of one bit per word. The register is designed 
for high-speed memory applications and is _ particularly 
suitable as the high-speed scratch pad memory in military 
and commercial three-address computers. Data can be writ- 
ten into one location and simultaneously read from any two 
locations. 


The register is organized in a master slave arrangement 
where there are eight master latches and two slave latches. 
Data on the D, input is stored in the master latch selected by 
the write address field A during the clock LOW time. Data ° 

from the eight masters is then selected by the two independ- I> rH STH 
ent read address fields B, C and stored in the two slave TS wee 
latches during the clock HIGH time. This eight master two 

slave arrangement makes the register indistinguishable from 

an eight master eight slave system and allows both the two 

read addresses B and C and the write address A to be simul- 

taneously applied to the register at the start of a clock cycle. 

A slave enable is provided which if held LOW continuously 

enables the two slave latches and immediately transfers 

information from the master latches to the outputs so that 

the memory contents can be scanned asynchronously. 


LOADING RULES LOGIC SYMBOL 
In Unit Loads (Notes) 


TTL LOADS 93L LOADS 
Input Load Factor HIGH LOW HIGH LOW 


All Inputs 313 .156 625 -625 


Output Drive HIGH LOW .} HIGH LOW Ane 
25 2c 12 12 MULTIPLE 
PORT 
REGISTER 
NOTES: 
1) we unit load is specified as 0.4 V at ~1.6 mA LOW, 2.4 V at 40 wA 


3 7 

2) hee unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 wA Zp Zc 

3) Enough output LOW current is available to mix TTL and 93L loads and ¢ Vcc = PIN 16 
still meet the 93L requirement of a Vo, of 0.3 V. 


GND = PIN8 


Am93L38 ORDERING INFORMATION MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias ~55°C to +125°C 
Eecee 5 Supply Voltage to Ground Potentia! (Pin 16 to Pin 8) Continuous’ —-0.5Vto+7V 


16-Pin Molded DIP 0°C'to-#- 75°C “S UBM93L3859X DC Voltage Applied to Outputs for High Output State —0.5 V to +Vog max 
16-Pin Hermetic DIP ? gC U7B93L3859X DC Input Voltage —O0.5Vto+5.5V 
16-Pin Hermetic DIP, G.to' U7B93L3851X 


16-Pin Hermetic Flat-Pak’ beeen DC Input Current (Note 1) —30 mA to +5.0mA 


Output Current, Into Outputs 30 mA 


Note The dice supplied will contain units which meet both 0°C to : 
+75°C and —55°C to +125°C temperature ranges. Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L4059X T, =0°C to +75°C Veg = 4.75 V to 5.25 V 
Am93L4051X -T,=—55°C to +125°C = Vg, = 4.50 V to 5.50 V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Voc = MIN., lou = —0.4 mA 
V Output HIGH Voltage cc lou 
You | Output tah voltage | Vin = Vin Of Vin 
Veco = MIN., Io, = 4.92 MA 
V Output LOW Voltage ce 2 TOL 
Yq. | Outputuowvotage | Vin = Vin Of Vit 
Vv Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 


Input LOW Level Guaranteed Input logical LOW 
voltage for ali Inputs 


93L Unit Load 
= MAX., Vy = 0.3 V 
(Note 2) Input LOW Current Vec Via 
93L Unit Load 
= +) Vig = 2.4 
Input HIGH Current Vec = MAX,, Vin V 
(Note 2) 


Input HIGH Current Veco = MAX,, Vin = 5.5 V 


I 
I 
Output Short Circuit Current Vee = MAX, Voy; = 0.0 V 


Power Supply Current Voc = MAX. 


Notes: 1) Typical limits are at Vig = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit !oad current by the 93L input load factor. (See loading rules) 


OH 
OL 
tH 
iL 
fe | 
1H 
Cc 
cc 


SWITCHING CHARACTERISTICS 7, = 25°C) (Voc = 5.0 V, C, = 15 pF) 


Parameters _ Test Conditions Min Typ Max Units 


tray Turn Off Delay CP to Output A 
t 
tha (Dy 


fee S8.5S6 
PMs se || Turn On Delay CP to Output ove ae a 
oda (D,°2) Turn Off Delay Data to Output SLE=L 
=H 


ed (0:2) Turn On Delay Data to Output 
boat (B,C-Z) Turn Off Delay Address to Output 
t,g_ (B,C-2) Turn On Delay Address to Output 


t,(D,) Set Up Time HIGH Data 
t(D.) | Set Up Time LOW Data 


Cp 


Set Up Time, Address Inputs 
Minimum LOW Clock Pulse Width 
| cP,‘ Minimum HIGH Clock Pulse Width 


SWITCHING TIME WAVEFORMS 


INPUT | 


OUTPUT 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


2-162 
Advanced Micro Devices can not assume responsibillty for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am9340 


Four -Bit Arithmetic Logic Unit 


Distinctive Characteristics 


Provides addition and subtraction and two logic func- e 100% reliability assurance testing in compliance with 
tions. MIL-STD-883 

Typical add time of only 20ns and subtract time of 

only 25ns for 4 bits. e Electrically tested and optically inspected die for the 
Provision made for full look-ahead arithmetic over 16- assemblers of hybrid products 

bit words without additional carry package. 

Can be operated in ripple-block mode to give typical © Mixing privileges for obtaining price discounts. 


addition time of only 47ns for 28-bit:words without Refer to price list 
additional carry packages. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am9340 is a high speed Arithmetic Logic Unit which can perform two . 
er baue operations and two touts functions on two binary 4~-bit words. : 
e arithmetic operations are add and subtract and the logic functions R i 
are AND and EXCLUSIVE OR for active LOW data inputs and OR and Active LOW ' Active HIGH 
EQUIVALENCE for active HIGH data inputs. The operation performed by 
the Arithmetic Logic Unit is determined by two select inputs So and S). 
The Am9340 can perform arithmetic operations in 1's or 2’s complement RT Ce ae 
arithmetic and incorporates full internal look-ahead for high-speed opera- 
tions. 


Provision is_made for external look-ahead by using the (CP) carry propa- 

gate and (CO/CG) carry out/carry generate functions. An input carry 

network en the pthmene Poe meh allows ral Seok avess over the fist Res - co/cx 
sixteen bits of a word and ripple-block carry between subsequent wor rm : 

increments of 12 bits. This ripple-block carry method of cascading units iy se pais ONT 5 {eros UIT. = 

is accomplished by having the (COE) carry out enable input HIGH at the -3 3 

most significant unit in each block so as to give a carry-out signal from 

the carry out/carry generate output. This carry-out signal is then used as 0 Fo 

the carry-in signal to the next block, The COE inputs for all other units 

are tied to ground as shown in Figure 3. This ripple-block method of 

addition and subtraction gives high-speed operation 60ns typical addition 

time for 40-bit words, without additional carry packages. 

The Am9340 can be used with either active LOW or active HIGH data 

inputs. In the active HIGH case although the look-ahead carry inputs and ‘ 

outputs are not carry generate and carry propagate, but are labelled Veco = PIN 24 
Cx and Cy respectively they are still connected in the same manner as GND = PIN 12 
the active LOW case. 


7116105 9 4 8 1 


Fie 


CONNECTION DIAGRAM 
Am$340 ORDERING INFORMATION .~. ¥,,.: POR Rew 


ae ES Fy Fy F, Fola,CaCr,cc ,o 

Package Temperature “Order gi RA ee ee 

Type Range... Number 24 23 22 21 20 19 18 17 16 15 14 13 
Molded DIP 0°C tor+-75°C AM934059C 
Hermetic DIP 0°C to +75°G ~ U6N934059X 
Hermetic DIP -»-55°C.to'+125°C +U6N934051X 
Hermetic Flat.Pak” —55°C to +125°C +U4M934051X 
i¢é: on UXX9340XXD 


Note: The dice supplied wil! contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature range. NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


i y 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5 Vito +7\ 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc ma: 
DC Input Voltage —0.5 V to +5.5 \ 
Output Current, Into Outputs 30 m 
DC Input Current —30 mA to + 5.0m 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am934059X_ T, = 0°C to +75°C Veg = 5.0 V +5% 
Am934051X T, = —55°C to 4125°C Vig =5.0V 410% 


Parameters Description Test Conditions Min Typ (Note 1) Max Units 
Vou Output HIGH Voltage vcRr {oH Sees 2.4 3.6 Volts | 
IN = Vin IL 
—.. | ee 
Vor Output LOW Voltage | vec ys tou = 16.0 mA 0.2 0.4 Volts 
IN = VIH It Pal | 
V a Input HIGH Level Guaranteed input logical HIGH 20 [_ Volts 
voltage for all inputs , . 
Vv Input LOW Level Guaranteed input logical LOW 0.8 Volts 
i voltage for all inputs : 
Unit Load 
ti, (Note 2 Veco = MAX., Vy = 0.4 V —1.0 —1.6 
it ene?) Input LOW Current oc =M IN 1 mA 
Unit Load 
Veco = MAX,, Vin = 2.4 V 6.0 40 A 
ling (Note 2) input HIGH Current i m | . 
alike 
Input HIGH Current Ver = MAX., Vin = 5.5 V 1.0 mA 
Pe ti once IN t : 
Veco = MAX., _ ot 1 
lee Output Short Circuit Current ag ane sie Mie if mA 
Vour = 0.0 V Am934059X =a —100 ee 
- ‘ So = By, =O0V Am934051X 85 127 
Power Supply Current All other inputs = 4.5 V —— i— mA 
as Veo = MAX, Am934059X 85 128 =| 


Notes: 1) Typical limits are at V., = 5.0 V, 25°C ambient and maximum loading. : 
2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


Switching Characteristics (T, = 25°C) Test Conditions Min Typ Max Units 
Turn Off Delay (B, to F;) Add Mode 
Turn On Delay (B, to F;) Add Mode 


30 ns 
2 | 2 | 38 ns 
toa | Turn On Delay (B, to F,) Subtract Mode 12 24 36 ns 


tua; | Turn Off Delay (B, to CO/CG) Add Mode 

tg | Turn On Delay (B, to CO/CG) Add Mode 
Turn Off Delay (B, to CO/CG) Subtract Mode 

t,4__| Turn On Delay (B, to CO/CG) Subtract Mode 

Turn Off Delay (CG_, to CO/CG) 

Turn On Delay (CG_, to CO/CG) 

| Turn Off Delay (CG_, to F,) 

Turn On Delay (CG_, to F;) 


Veco = 5.0 V, C= 15 pF 


Refer to test Table 
and Figure 1 


| 13 19 


7 { 
= 
9 17 25 ie ns 
9 17 25 ns 
7 
7 
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JEFINITION OF TERMS 


UBSCRIPT TERMS: 


Forward, applying to LOW inputs. 

HIGH, applying to a HIGH logic level or when used with Vec to 
idicate high Vcc value. 

Input. 

LOW, applying to LOW logic level or when used with Vcc to 
idicate low Vee value. 
+ Output. 

Reverse, applying to HIGH inputs. 


UNCTIONAL TERMS: 
4, Active LOW Data A inputs i = 0, 1, 2, 3. 

i; Active LOW Data B inputs i = 0, 1, 2, 3. 

'G _; Active LOW Carry Generate input from i’th previous ALU 
=1, 2,3. 

P_, Active LOW Carry Propagate input from i’th previous ALU 
= 1,2. 

‘OE Carry Out Enable input. When this input is HIGH the CO/CG 
utput is a carry out signal and can be used to form a block ripple 
arry ALU. When the COE input is LOW CO/CG output is the carry 
enerate signal which is used for lookahead operation. 

:0/CG Active LOW Carry Out/Carry Generate output. A HIGH 
dgic level on COE input gives Carry Out, a LOW level Carry Gen- 
rate. 

iP Active LOW Carry propagate output used in conjunction with 
ther CG and CP signals for lookahead operation. 

, Active LOW Data Outputs of ALU i=0, 1, 2, 3. 

‘an-Out The logic HIGH or LOW output drive capability in terms 
f Input Unit Loads. 

i; Control inputs determine the arithmetic or logic function obeyed 
= 0, 1. . 

Init Load One T?L gate input load. In the HIGH state it is equal to 
12 nA at 2.4 V and in the LOW state it is equal to 1.6 mA at 0.4 V. 


OPERATIONAL TERMS: 


1, Forward input load current. 

Io4 Output HIGH current forced out of output in Vp,, test. 

Io, Output LOW current forced into the output in Vo, test. 

14, Reverse input load current. 

log The current drawn by the device under a +5.0 V power supply 
bias with inputs S,, By, B,, B,, B; at OV and all other inputs and 

outputs open circuit. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vix Minimum logic HIGH input voltage. Refer to Figure 2. 

V,, Maximum logic LOW input voltage. Refer to Figure 2. 

Von Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: (All switching times are measured at the 1.5 V 
logic level.) 

tras (By F;) The propagation delay from the By input transition to 
the F, output LOW to HIGH transition. 

t,g_-_(B, F,) The propagation delay from the B, input transition to 
the F,; output HIGH to LOW transition. 

t,44 (B, CO/CG) The propagation delay from the B, input transi- 
tion to the CO/CG output LOW to HIGH transition. 

ta (B, CO/CG) The propagation delay from the By input transi- 
tion to the CO/CG output HIGH to LOW transition. 

thas (CG_,CO/CG) The propagation delay from the CG_, input 
transition to the CO/CG LOW to HIGH transition. 

toa (CG, co/ca). T The propagation delay from the CG., 
transition to the CO/CG HIGH to LOW transition. 

tay (CG, F,) The propagation delay from the CG .3 Input transi- 
tion to the F, output LOW to HIGH transition. 


toa (CG, F,) The propagation delay from the CG .; input transi- 
tion to the F, output HIGH to LOW transition. 


input . 
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Parameter 


Operation 


SWITCHING TEST TABLE 


Waveform 


Subtract 


tg, (By CO/CG) 
tog (By CO/CG) 


S,, 6G.,, GP.,, B,, B,, B, 


t.4, (By CO/CG) 
t,_ (By GO/CG) 


Subtract 


CG_,, CP_, 


toga. (CG, CO/EG) 
t,y_ (CG_, CO/CG) 


S,, CG_,, CG_,, 


toa (CG, F,) 
tg (CG, F;) 


COE, A, A,, A,, A; 
8, CG.,, CG,,5, 
Ao Ais Ans As 


SWITCHING WAVEFORMS 


INPUT UNDER 
TEST 


OUTPUT 
WAVEFORM 1 


OUTPUT 
WAVEFORM 2 


Figure 1 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN “LOW” 


OUTPUT LOAD 


MINIMUM LOGIC | 
“HIGH” OUTPUT y 
VOLTAGE | 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


NOISE 
IMMUNITY 
(High level} 


MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


IMMUNITY 
{Low level) 


DRIVING DEVICE 


DRIVING 
DEVICE 


MINIMUM LOGIC 
“HIGH™ INPUT 
VOLTAGE 


Vig: 


MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


DRIVEN DEVICE 


DRIVEN 
DEVICE 


Figure 2 


Current Interface Conditions — HIGH 


OUTPUT DRIVING 


INPUT LOAD 
DRIVEN “HIGH” 


MSI INTERFACING RULES Am9340 LOADING RULES (in unit loads) 


: Equivalent 
nterfacing ; Input Unit Load 
Digital Family HIGH LOW Input 


‘Advanced Micro Devices 9300/2500 Series 1 1 Unit Output Drive 
FSC Series 9300... °° °+2;}4 4 Input/Output Pin No.’s Load HIGH 

Tl Series 54/7400 COE 
Signetics Series 8200 
National Series OM 75/85 
DTL Series 930 


n 
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w 
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USER NOTES 


. Arithmetic operations are performed on a word basis. 

. Logic operations are performed on a bit basis. 

. Arithmetic in 1’s complement requires an end-around carry. 
This is obtained by connecting the CO/CG output of the last 
ALU to the CG_4 input of the first ALU. 

. Subtraction in 2’s complement requires a carry-in (CG_ = 
LOW) active LOW case, (CX_1 = HIGH) active HIGH case. 
This is obtained by connecting Sg to CG_.4 for the active LOW 
case and Sg through an inverter to CX_4 for the active 
HIGH case. 
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Table II 


OPERATION TABLE 


SUBTRACT 
ADD 
EXCLUSIVE OR EQUIVALENCE 
OR 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Table III 
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Am9340 APPLICATION 


Ay By Ag Bg Ag Bg Az By 


cocelo CARRY OUT 

Am 9340 | 

4 BIT ARITHMETIC 
LOGIC UNIT 


Am 9340 
4 BIT ARITHMETIC 
LOGIC UNIT 


Am 9340 
4 BIT ARITHMETIC 
LOGIC UNIT 


TYPICAL DELAY TABLE 
ADD | SUBTRACT 


16-Bit Full Look-ahead ALU 
Four Am9340 ALU’s can be connected together to form a- 
16-bit full look-ahead ALU. This ALU can work in 1’s or 2’s 
complement arithmetic representations and in the active LOW 
or active HIGH logic representations. If longer word lengths 1-4 
are required 12-bit ALU blocks connected as shown in the 5-16 
dashed portion of the diagram can be cascaded at the end of 17-28 
the 16-bit full look-ahead portion. 29-40 
41-52 
53-64 
65-76 
77-88 
89-100 


WORD LENGTH 
(in bits) 


Figure 3 


PHYSICAL DIMENSIONS 
Hermetic Dual In-Line 


1.290 


‘a 1.230 


ant 


el alee 


035 


PHYSICAL DIMENSIONS 


Molded Dual-In-Line 


160 
.150 7245 
‘ 020 MIN 


a 


Metallization and Pad Layout 


90 x 111 Mils 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TLX: 34-6306 

TWX: 910-339-9280 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied In an Advanced Micro Devices product.(3) 


Am93L40 


Low-Power Four-Bit Arithmetic Logic Unit 


Distinctive Characteristics 
e 110 mw typical power dissipation. 


e 56 ns typical four bit add time. 


FUNCTIONAL DESCRIPTION 


The Am93L40 is a high-speed arithmetic logic unit which can perform two 
arithmetic operations and two logic functions on two binary 4-bit words. 
The arithmetic operations are add and subtract and the fogic functions 
are AND and EXCLUSIVE OR for active LOW data inputs and OR and 
EQUIVALENCE for active HIGH data inputs. The operation performed by the 
Arithmetic Logic Unit is determined by two select inputs So and S:. The 
Am93L40 can perform arithmetic operations in 1’s or 2’s complement arith- 
metic and incorporates full internal look-ahead for high-speed operations. 


Provision is made for external look-ahead by using the (CP) carry propagate 
and (CO/CG) carry out/carry generate functions. An input carry network on 
the Arithmetic Logic Unit allows full look-ahead over the first sixteen bits 
of a word and ripple block carry between subsequent word increments of 
12 bits. This ripple block carry method of cascading units is accomplished 
by having the (COE) carry out enable input HIGH at the most significant 
unit in each block so as to give a carry out signal from the carry out/ 
carry generate output. This carry out signal is then used as the carry in 
signal to the next block. The COE inputs for al! other units are tied to ground. 
The Am93L40 can be used with either active LOW or active HIGH data 
inputs. In the active HIGH case the look-ahead carry inputs and outputs 
. are not Carry generate and carry propagate, but are labelled Cx and Cy 
jouer: They are still connected in the same manner as the active 
case. 


LOADING RULES 
In Unit Loads (Notes) 


TTL LOADS 


93L LOADS 
HIGH LOW 
1.0 1.0 


HIGH LOW 
0.25 


Input Load Factor 


COE 0.375 | 10 1.5 
CG_, 0.5 2.0 20 
AILA, all B, CG_, 0.75 | 30 3.0 


HIGH LOW 
10 3 


Output Drive HIGH LOW 


All outputs 


NOTES: 
1) fl Ge unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 
IG 


2) A ery unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 nA 
HIG 


3) Enough output LOW current is available to mix TTL and 93L Joads and 
still meet the 93L requirement of a Vo, of 0.3 


Am93L40 ORDERING INFORMATION 


Package Temperature Order 
Type Range 7 : Number 
24-Pin Molded DIP O°Cito- “75°C “’ AM93L4059C 
24-Pin Hermetic DIP 0°C to +759C U6N93L4059X 
24-Pin Hermetic DIR © 55°C: to-F125°C U6N93L4051X 
24-Pin Hermetic, Flat. Pak” 55°C to +125°C U4M93L4051X 
“Note UXX93L40XXD 


Dice. ; 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature range. 


© 100% reliability assurance testing in compliance with 


MIL STD 883 


e Look-ahead carry between packages with no other 


components. 


Active LOW 


7116105 9 4 


Am93L40 


#BIT ARITHMETIC 


LOGIC UNIT 


Control Inputs 


ASUBTRACT B 


LOGIC SYMBOL 


Active HIGH 


8 7116105 94 8 1 


cx. 40 Bo A,B, Ay 8, Ay By COE 


co/cx 
Am93L40 
4-BIT ARITHMETIC 
LOGIC UNIT 


Veg = PIN 24 
GND = PIN 12 


OPERATION TABLE 


Active HIGH 


Active LOW i f 
Inputs and Outputs | Inputs and Outputs 


Function 
A SUBTRACT B 


AADDB 


AADDB 


AEXCLUSIVE ORB | AEQUIVALENCE B 


A ANDB AORB 


Note: Arithmetic operations (S; = L) are performed on a word basis; logic 
operations (S; = H) are performed on a bit basis. 


MAXIMUM RATINGS (Above which the useful life may be Impaired) 


Storage Temperature 


—65°C to +150°C° 


Temperature (Ambient) Under Bias 


—55°C to +125°C 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


—0.5Vto+7V 


DC Voltage Applied to Outputs for High Output State 


—0.5 V to +Ve>¢ max 


DC Input Voltage 


~0.5Vto +5.5V 


Output Current, Into Outputs 


30 mA 


DC Input Current (Note 1) 


—30 mA to +5.0 mA 


Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L3859X  T, =0°C to +75°C Veg = 4.75 V to 5.25 V 
Am93L3851X  T,=—55°C to +1259°C = Vgc = 4.50 V to 5.50 V 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Veco = MIN., Io = —0.24 mA 
Output HIGH Voltage ve Visor v, 
Voc = MIN., Io, = 4.92 mA 
Voi LOW Volt cc » TOL 
ee alice Vin = Vin OF Vip 
Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Viv 
hy 
Isc 
lec 


Input LOW Level Guaranteed Input logical LOW 
voltage for all inputs 

93L Unit Load 
Veco = MAX, Vy = 0.3 V 


Input HIGH Current Veco = MAX,, Vy = 5.5 V 


| Isc sf Output Short Circuit Current | Voc = MAX., Voyr = 0.0 V 


Notes: 1) Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2) Actual Input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


93L Unit Load 
Veo = MAX., Viy = 2.4.V 
Input HIGH Current said Ans 
(Note 2) , a 


SWITCHING CHARACTERISTICS 1, = 25°C) (Ve = 5.0 V, C, = 15 pF) 


Parameters Test Conditions Min Typ Max Units 


Ista: <. = Turn Off Delay CP to Output 
ij, | Turn On Delay CP to Output 
tea4 (D,-2) Turn Off Delay Data to Output 


(0) 
is, 
a 

Fee. A | Minimum HIGH Glock Puse Wiath 


SWITCHING TIME WAVEFORMS 


tsi (D}) MAX 
tg (D) MIN 


TARA CAAA 
= Be 
LVVV VV" Lv 


ADDRESS j 


ADVANCED 
MICRO 

‘pd- (8,C-2) (oz) DEVICES INC. 

901 Thompson Place 

Sunnyvale 

See ee ee California 94086 

- MASTERS AND SLAVES ENABLED; (408) 732-2400 

aU ee: ee a eae oen rwx: 910-390-9260 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am9341-Am54/74181 


Four Bit Arithmetic Logic Unit/Function Generator 


Distinctive Characteristics: 


e Provides 16 arithmetic operations including add, ® Full look-ahead for high-speed arithmetic operation 


subtract, double and compare. on long words. 

e Provides ALL 16 possible logic operations of two e 100% reliability assurance testing in compliance 
variables in typically 19 ns. with MIL STD 883. 

© Typical add time for 4 bits of only 19 ns, and typical e Mixing privileges for obtaining price discounts. Refer 
carry time of 12 ns. to price list. 


FUNCTIONAL DESCRIPTION 


The Am54/74181 Is a 4-bit high-speed parallel Arithmetic Logic Unit 
(ALU)/Digital Function Generator. When the mode contro! (M) is held 
LOW the circuit performs under contro! of four function select lines 16 
arithmetic operations, the most important being add and subtract, on two 
4-bit parallel -binary words. When the mode control is held HIGH the 
circuit performs, under contro] of the four function select lines sixteen 
logic operations on an individual bit basis between the two four-bit 
parallel words. 


An open collector A = B output is provided so that equivalence of two 
parallel words can be made by connecting A =B outputs of several 
ALU’s together. 

An internal full look-ahead carry scheme is used for high-speed arith- 
metic operations and provision made for further look-ahead by providing 
carry propagate (P) and carry generate (G) outputs. These carry signals 
can be used as inputs to the Am54/74182 look-ahead carry generator to 
form long word length high-speed parallel arithmetic logic units. Addition 
time for sixteen-bit words with four Am54/74181 ALU’s and one Am 
§4/74182 look- ahead generator is only.31 ns. 

For systems where ultra high-speed is not required, the carry output 
signal (Cn+4) can be used to provide ripple~block arithmetic operations. 
The ALU can be used with either active HIGH or active LOW inputs and 
can also be expanded with the Am54/74182 look-ahead carry generator 
in either mode. The interconnection patterns are identical for both cases. 


LOGIC DIAGRAM 


LOGIC SYMBOLS 


ACTIVE LOW ACTIVE HIGH 


23 


Ay 


22 21 20 19 23-22 21 20 
Q oo ar! 
By Ap By A, By Ar 8 


Am54/74181 Am54/74181 
ALU b ALU 


GND = PIN 12 


Am54/74181-Am9341 
ORDERING INFORMATION 
54/74181 9341 
Package Temperature Order” Order 
Type Range eg Number Number 
Molded DIP . 0°C to +75°G:)**SN74181N  Am9341C 
Hermetic DIP 0°C to 475°C” «>, SN74181u —U6N934159X 
Hermetic DIP —55°O'{6"--125°G ~ SN54181J U6N934151X 


Hermetic Flat Pak 


125°C SN54181W U4M934151X 
Dice 


SN54181D UXX9341XXD 


in 
upplied will contain units which meet both 0°C to +75°C 


NOTE: Thé,di 
55°C to +125°C temperature ranges. 


and: 


CONNECTION DIAGRAM 
Top View 


n 


NOTE: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


—65°C to +150°C 


Temperature (Ambient) Under Bias 


—55°C to +125°C 


Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 


—0.5Vto +7V 


OC Voltage Applied to Outputs for HIGH Output State 


—0.5 V to +Voe- max 


DC Input Voltage 


—0.5 V to +5.5V 


Output Current, tnto Outputs 


30 mA 


DC Input Current 


—30 mA to +5 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 


Am74181 Ta =O°Cto +70°C Voc = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am54181 Ta = —58°C to +125°C Vec = 5.0V +£10% (MIL) MIN. = 4.5V MAX, = 5.5V Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Pon _| 


Ne 
(Note 3) 


Output Short Circuit Current 
(Note 4) (Except A=B Output) 


Power Supply Current 


Notes: 


Vcc = MIN., lop = —800KA 
Vin = Vin or Vie 

Voc =MIN,, lo, = 16mA 
VIN = Vin or VIL 


For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 
. Typical limits are at Voc = 5.0V, 25 C ambient and maximum loading. 


. Not more than one output should be shorted at a time. Ouration of the-short circuit test should not exceed one second. 


« Icc is measured under two conditions. 
’ A. Sj, M, Aj at 4.5V; all other inputs grounded; outputs open 
B. Sj, M at 4.5V; alt other inputs grounded; outputs open. 


DEFINITION OF TERMS 

SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used with Vee to 
indicate high V.¢ value. 

1 Input. 


L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vc, value. 


Co] Output. 


FUNCTIONAL TERMS: 

A; Active LOW Data A inputs i = 0, 1, 2, 3. 

A=B8B Open collector output. This output can be ‘AND tied’ to 
other A = B outputs to form equivalence over complete word length. 
B, Active LOW Data B inputs i = 0, 1, 2, 3. 

C, Active HIGH Carry In to nth ALU bit. 

C,,, Active HIGH Carry Out of n+-4th ALU bit. 

F, Active LOW Data Outputs of ALU i = 0, 1, 2, 3. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

G Active LOW carry generate output for use in multi-level look- 
ahead schemes. 


2-172M Mode input controls whether arithmetic or logic operation. 


1 
2 
3. Actual input currents = United Load Current x Input Load Factor (See Loading Rules). 
4 
5 


P Active LOW carry propagate output for use in multi-level look: 
ahead schemes. 

S, Control inputs determine the arithmetic or logic function obeyec 
i=0, 1, 2, 3. 

Unit Load One T2L gate input load. In the HIGH state it is equal t: 
40nA at 2.4V and in the LOW state it is equal to 1.6mA at 0.4\ 


OPERATIONAL TERMS: 

1, Forward input load current, for unit input load. 

Joy Output HIGH current, forced out of output in V_,, test. 
Io, Output LOW current, forced into the output in Vo, test. 
ty, Reverse input load current with V,,, applied to input. 
Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 

Vix Minimum logic HIGH input voltage. Refer to figure 3. 

Vi, Maximum logic LOW input voltage. Refer to figure 3. 

Vox Minimum logic HIGH output voltage with output HIGH curren 
lox flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW currer 
lo, into output. 


TEST TABLES 


DIFF MODE TEST TABLE 
FUNCTION INPUTS: S, = S, = 4.5V,S,=S,=M=0V 


a 
Other Hatt | one Data inputs | 


Input |_ Same Bit ___|Output/Output 
Para- | Under |Apply|Apply| Apply Apply Under |Wave- 
meter 45V| OV 4sV OV Test | form 
t — | Remaining| Remaining : . 
= B. = = A ae 1 
‘ A B,C, Fie 
= _ te | - 
hogs None} Remaining] Remaining Fi>)| 2 
te pa 1 Ne 
B. Remaining Remaining E 1 
f] B, Cc, A i+] 
Remaining Remaining| — 
None ie C, A Fry, 2 
B Remaining| 5 
B. None |— = 1 
i oe Bc, 
Remaining 5 
~ = P 2 
None lk and B, C, 
Remaining G 1 
None None Rand 6, C, 
rx | Remaining 
A. Pal bl G 
Bot One Ie and a | . 
Remaining] Remaining 
e ay —< A=B 
Non rn B,C, | 1 
Remaining] Remaining 
None eraiina) Remaining] q—a| a 
ha one A B,C, A=B 
iz 
ining 
None] None [Remain 
one| None iq andB,c,| C+ 
Remaining c 1 
AandB,C,| "** 
None C44 1 


SUM MODE TEST TABLE 


FUNCTION INPUTS: S, = S,=4.5V,S,=S,=M=0V 


7 
Other shee Other Data Inputs 
Input Same Bit — Output Output 
Para- | Under |Apply |Apply| Apply Apply Under | Wave- 
meter Test | 4.5V OV 45V 0 vo | Test | form 
Remaining 
N ba _ (> 
one A and B Cc, F(;2)) 1 
Remaining > 
[Ns] Aena, [ie - [Ate 
Remaini Ee 
ite C, Sandee Fiac | 1 
Remaining| £ 
er C, [A and 3° Fiat 1 
[none Remaining) 5 1 


None |= 
[ [A and B, C, 


None 


Remaining| P 


LOGIC MODE TEST TABLE 
FUNCTION INPUTS: S, = S,=M=4.5 V,S,=S,=0V 


| AandB, C, 
= | Remaining] Remaining! a 
B. = = G 1 
‘ f B 3 A, C, 
xX | Remaining| Remaining] wz 
fo) A. = — G 1 
None i B A, C, 
None’! B. Remaining |Remaining| 5 2 
i B A, C, n+4 
x _ | Remaining] Remaining 
ms B A, C, Crea | 2 
All All 
N ‘liten = — 1 
oe . A B orC. 44 
Table 2 


;WITCHING: CHARACTERISTICS Vv... =5V, T, = 25°C, N = 10 (C, = 15 pF, R, = 4002) 


From (Input) To (Output) Test Figure 


Parameter 


Other Input 
Same Bit Other Data Inputs Output |Output 
Para- Apply | Under | Wave- 
OV Test | form 
Remaining 
None A and B, C, 1 
| Remaining} — 
None | Rand B, C, " : 
Table 3 
Test Conditions 
See also Tables 1, 2,3 Min Typ Max Units 


M=0V 
(SUM or DIFF mode) 


M=0V,S,=S;=4.5V, 
S, = S, = 0 V (SUM mode) 


M=0V,S,=S,=0V, 
S, = S, = 4.5 V (DIFF mode) 


M=0O0V,S,=S,=4.5V, 
S, = S, = 0 V (SUM mode) 


M=0V,S,=S,=0V, 
S, = S, = 4.5 V (DIFF mode) 


M=OV,S, =S, =4.5V, 
S, = S, = 0 V (SUM mode) 


M=0V,S, =S,=0V, 
S, = S, = 4.5 V (DIFF mode) 


M=OV,S,=S5,=4.5V, 
S, = S, = 0 V(SUM mode) 


M=0V,S,=S,=0V, 
S, = S, = 4.5 V (DIFF mode) 


M = 4.5 V (LOGIC mode) 


M=0V,S, =S, =4.5V, 
S, = S, = 0 V (SUM mode) 


M=0V,S,=S, =0V, 


S, = S, = 4.5 V (DIFF mode) 


OV, S, = 8, =O0V, 


N= 
S, = 8, = 4.5 V (DIFF mode) 
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UTPUT/INPUT VOLTAGE LEVELS ~ VOLTS 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


So 8 606 
Coe |_| Bm 
B 
4 


NO Ww 
o TVIAOS 


PULSE 
GENERATOR 
(See Note 5) 


iy 


LOAD CIRCUITS 
2,3, 4,5, 6, AND 7 


Pa >is Pi Bip, 1 
> 
vom mom 7 
2O = N 


2 32 


Ry = 40022 
Cy = 15 pF (See Note 6) 


Figure 1 


Note 5. The pulse generator has the following characteristics: frequency = 1 MHz, Zout = 502. 


6. C, includes probe and jig capacitance. 
7. All diodes are 1N3064. 


INPUT UNDER 
TEST 


OUTPUT 
WAVEFORM 1 


OUTPUT 
WAVEFORM 2 


Figure 2 


INPUT/OUTPUT INTERFACE CONDITIONS 
Voltage Interface Conditions — LOW & HIGH 


OUTPUT ORIVING 
LOW 


OUTPUT 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


Vito 
NOISE MAXIMUM LOGIC 


Current Interface Conditions — LOW 


INPUT LOAD 
DRIVEN'LOW" 


LOAD 


“LOW” INPUT Current Interface Conditions — HIGH 


(Low level) : VOLTAGE 
OUTPUT DRIVING 
“HIGH” 


ORIVEN DEVICE 


DRIVING DRIVEN 
DEVICE OEVICE 


Figure 3 


| 
] 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


INPUT LOAD 
DRIVEN'HIGH 


MSI INTERFACING RULES 


Equivalent 


Input Unit 
HIGH 


Interfacing 
Digital Family 


Load 
LOW 


Advanced Micro Devices 54/7400 Series 


1 


1 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 1 
TI Series 54/7400 1 
Signetics Series 8200 2 
National Series DM 75/85 1 
DTL Series 930 12 


Table 4 


USER NOTES 


. Arithmetic operations are performed on a word basis. 


Logic operations are performed on a bit basis. 


Am54/74181 LOADING RULES (in unit loads) 


Input/Output 


Arithmetic in 1’s complement arithmetic requires an end 


around carry. 


. Subtraction in 2’s complement arithmetic requires a carry 
in (C, = HIGH) active LOW case, (C, = LOW) active HIGH 


case. 


Input 
Pin No.’s_ Unit Load 


1 


Output Drive 
Output Output 
HIGH LOW 


ive) 
° 


OO] O) OM! M! DI 
—- InN [&& [fo 


Oo 


OO} WO] NN] ©} OH] &} oe] Pp 


onl Z|_0 


ul | 
Py es 


mo 


il 
wo 


3 
+ 
~ 


H O_O} Uy) > 


w 


w 


N 


Pl} Oi Di] wi} Di] w 


O/C = Open Collector 
A unit load is defined as 40uA at 2.4V and 1.6mA 
Table 5 


at 0.4V. 


OPERATION TABLE 


Control Inputs Active LOW Inputs and Outputs Active HIGH Inputs and Outputs 


n 
f-) 


S, S, S, 
oe oe 


Arithmetic (M = L, C, = L) 


minus 1 (2’s comp.) 
A plus [A + B] 


Arithmetic (M = L, C, = H) 


A+B 


Logic (M = H) 
A 


A+B 


A+B 


AB 


AB plus [A + B] 


AB plus [A + B] 


A minus B minus 1 


XTirierleiclierl |r lcj clei cel zsy cir 


Aplus AB 
L=LOW Voltage Level 
H =HIGH Voltage Level 


an oe ON Oe OO A Oe Os Oe ie 0 Oe Oe Oe 00 od 
pO es Os ee Oe es ee Os ed 
Zjpxclyry uel zcy Lye Lirierier fi rieicie 


x= 


Table 6 


A minus B minus 1 


- AB minus 1 
A plus AB 


AB 
B 


minus 1 (2’s comp.) 
A plus AB 


.B 
+ 


AB plus [A + B] 


@B 
A@B 
B 


AB minus 1 


A plus A (2 x A) 


AB 


A plus [A + B] 
A plus [A + B] 
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Am54/74181 APPLICATIONS 


Typical addition times for various configurations are given in 
the table below. Subtraction fimes are approximately 5 ns 
longer. 


TYPICAL ADDITION TIMES 
Package Count 


16-Bit ALU Ripple Carry 


ssceanaie Total Add Time 
s : > No. of | Addition Time | Per Bit Am Am 
(ns) (ns) 54/74181 | 54/74182 


Figure 4 


32-Bit ALU Two-Level Look-Ahead Over 16-Bit Groups 


Am54/74181 


Figure 5 


Table 7 


PHYSICAL DIMENSIONS 
Hermetic Dual-in-Line 


PHYSICAL DIMENSIONS 
Molded Dual-!n-Line 


1,290 


-200 2160. . 
130 aD 011 
Pe ak .009 
.125 


an ae 

110 .070 .023 . 675 
090 035 | 015 625 

NOTE: Leads. are intended for insertion in hole rows on .600” centers 


and are misaligned to facilitate insertion. 


PHYSICAL DIMENSIONS Metallization and Pad Layout 


Flat Package 


r 800 
tne , 
————; 


90 x 102 Mils 


a8 
ono 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 


ae 


g 


006 
003 


NOTE: Leads are gold plated kovar. 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (< 


Am93L41 


Low-Power Four Bit Arithmetic Logic Unit/Function Generator 


listinctive Characteristics 
125 mw typical power dissipation. 


Typical add time for 4 bits of only 48 ns. 


FUNCTIONAL DESCRIPTION 


The Am93L41 is a 4-bit high-speed paralle! arithmetic logic unit (ALU)/ 
digital function generator. When the mode control (M) is held LOW the 
circuit performs under contro! of four function select tines 16 arithmetic 
operations, the most important being add and subtract, on two 4-bit par- 
allel binary words. When the mode control is held HIGH the circuit per- 
forms, under control of the four function select lines sixteen logic opera- 
tions on an individual bit basis between the two four-bit parallel words. 


An open collector A = B output is provided so that equivalence of two 
parallel words can be made by connecting A = B outputs of several ALU’s 
together. 


An internal full look-ahead carry scheme is used for high-speed arithmetic 
operations and provision is made for further look-ahead by providing carry 
propagate (P) and carry generate (G) outputs. These carry signals can be 
used as inputs to the Am9342 look-ahead carry generator to form long 
word length high speed parallel arithmetic logic units. 


For systems where ultra high speed is not required, the carry output signal 
(Cn+4) can be used to provide ripple block arithmetic operations. The ALU 
can be used with either Active HIGH or Active LOW inputs and can be 
expanded with the Am9342 look-ahead carry generator in elther mode. The 
interconnection patterns are identical for both cases. 


LOGIC SYMBOL 


ACTIVE LOW 
2 1 2300 22 21 20 19 (18 


82 


” 
Am93L41 


So 4BIT 
ALU 


wo auoon 


ACTIVE HIGH 
201 230 22 210 2000«19 18 


Ay By Ar Bg 


Am93L41 
So 4-BIT 
ALU 


wananmn 


Vcc = PIN 24 
GND = PIN 12 


Am93L41 ORDERING INFORMATION 


aos 
Package Temperature, gO Order 
_ Type Range, AS) Number 
24-Pin Molded DIP 0°C to. 4786 g Am93L4159C 
24-Pin Hermetic DIP O90,to #75264 ~ UGN93L4159X 


24-Pin Hermetic DIP g~ 85° C to-£125°C U6N93L4151X 
24-Pin Hermetic Flat, Pake— “55°C. {6°4125°C U4M93L4151X 
Dice or eee “Note UXX93L41XXD 

1, fog e “wl 


NOTE: The dice supplied will contain units which meet both 0°C to +75°C 
and —55°C to +125°C temperature ranges. 


e 100% reliability assurance testing in compliance with 


MIL STD 883. 


e Provides all 16 possible logic operations of two vari- 


ables typically in 42 ns. 


LOADING RULES 
In Unit Loads (Notes) 


TTL LOADS 93L LOADS 


Input Load Factor HIGH LOW | HIGH LOW 


all A, all B 


2.5 
HIGH LOW 


1) ATL unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 wA 
2) th ay unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at ze LA 


3) Encush output LOW current is available to mix TTL and 93L (sade and 
still meet the 93L requirement of a Vo, of 0.3 V. 


LOGIC DIAGRAM 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5 Vto +Ve, max 
DC Input Voltage -0.5Vto +5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current (Note 1) —30 mA to +5.0 mA 


Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93L4159X T,=0°C to +75°C Veco = 4.75 V to 5.25 V 
Am93L4151X Ty, = —55°C to + 125°C Vec = 4.50 V to 5.50 V 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Veco = MIN., Igy = —0.4 mA 
V Output HIGH Voltage cc * "OH 
Output HIGH Vote Vin = Vin OF Vit 
Veco = MIN., lo, = 4.92 mA 
V Output LOW Voltage cc » “OL 
| OutputLow vatege Vin = Vin OF Vin 
Vv Input HIGH Level Guaranteed Input logical HIGH 
voltage for all inputs 
Vv Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
93L Unit Load = = 
Nhe 2) Input LOW Current Msg = MAK Nin 08 ¥ ane 


fe} 
fe} 
L 


93L Unit Load 
Veco = MAX,, Vin = 2.4 V 
(Note 2) Input HIGH Current Voc = MAX,, Vin = 5.5 V 


Ig Output Short Circuit Current Veco = MAX., Voyt = 0.0 V 
lo Power Supply Current Veco = MAX. 


Notes: 1) Typical limlts are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtalned by multiplying unit load current by the 93L Input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS V,, =5V, T, = 25°C, 
Parameter From (Input) To (Output) Test Conditions Min Typ Max Units 


F 


H 
L 
IH 
IL 
ic 
Cc 


— se >= | Peters 
tae | 23) [| 35 
tds An FE (Note 3) M=0V | 31 | 47 | ns 
= y (SUM or DIFF mode) | 34 | 36 Ci 
bay ee M=0V,8,=8,=45V, a ee Es 
inet Para Ma S, = 8, = OV (SUM mode) ig | 2335 _| 
Rob M=0V,S,=S,=0V, ig | 35 | 53 | ic 
er oa pene S, = S, = 4.5 V (DIFF mode) 13 | 2 | 39 | 
hob M=0V,S,=5,=45V, is {| 35 | 53 | ia 
oe pore S, = S, =0 V (SUM mode) 13 | 26 | 39 | 
7 orB, M=0V, 8, =8, =0V, 19 | 37_| 56 ns 
tod S, = S, = 4.5 V (DIFF mode) 17, | 34 | 51 | 
toa M=0V,S,=8,=45V, ae ee ns 
rr tae S, = S, = 0 V (SUM mode) 
. M=0V,S,=S, =0V, 27_|{| 53 | 80 | ne 
lta | S, = S, = 4.5 V (DIFF mode) 27 
eS eo 
pd— i 
teas ior M=OV,S,=8,=45V, | 20 [ 40 | 60 | ne 
ts S, = S, = 0 V (SUM mode) | 22 [ 44 | 6 
ior, M=0V,S,=8, =0V, 22, | 44 =| 66 | ns 
ihe | S, = S, = 4.5 V (DIFF mode) 2 [| 49 | 74 | 
A, or B, M=0V,S, =S; = OV, 27 | 53 | 80 | is 
ise $=5,=48V(0IFFmod) | 25] 80 | 75] 
Note 3: F3 output is worst case. : 


Active HIGH Inputs and Outputs 


Control Inputs 


Sunnyvale 
: California 94086 
(408) 782-2400 
TEL TWX: 910-299-9280 

TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circultry entirely embodied in an Advanced Micro Devices produc 


i 


| Control inputs | 
| 8 8, 8 | 
Axe 
H HLL minus 1 (2’s comp.) minus 1 (2’s comp.) 
LLHE Aplus [A + B] Aplus AB 
HL HL AB plus [A + 5] \ AB plus [A + B] 
Aminus B minus 1 
ADVANCED 
LLL H Aplus [A + B] Aplus AB MICRO 
HL LH Aplus B Aplus B DEVICES INC. 
L HLH AB plus [A + B] AB plus [A + B] 901 Thompson Place 
H HLH 
L HH 
H H 
HH 


r 
rir 
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Am9342-Am54/ 74182 


Look-Ahead Carry Generator 


Distinctive Characteristics: 


e Provides look-ahead carries across a group of © 100% reliability assurance testing in compliance 
four ALU’s with MIL STD 883. 
© Capability of multi-level look-ahead for high-speed ° Mixing privileges for obtaining price discounts. Refer 
arithmetic operation over large word lengths to price list. , 
e Available in highly reliable molded epoxy, hermetic 
¢ Typical carry propagation delay of 13 ns dual-in-line or Hermetic flat package. 


FUNCTIONAL DESCRIPTION i LOGIC SYMBOL 
The Am54/74182 is a high-speed look-ahead carry gen- 
erator which accepts up to four pairs of active LOW carry 
propagate and carry generate signals and an active HIGH 
carry input and provides anticipated active HIGH carries 
across four groups of binary adders. The device also has 
active LOW carry propagate and carry generate outputs 
which may be used for further levels of look-ahead. 


The Am54/74182 is generally used with the Am54/74181 


arithmetic logic unit to provide look-ahead over word lengths ‘acetates 

of more than four bits. : C LOOK-AHEAD CARRY 
GENERATOR 

The look-ahead carry generator can be used with binary c Cui) 


nty 


ALUs in an active LOW or active HIGH input operand mode 

by reinterpreting the carry functions. The connections to and 

from the ALU to the look-ahead carry generator are identical : V.. = PIN 16 

in both cases. GND = PIN 8 

The logic equations provided at the outputs are: 
Cis = Go + PC, 


C, 4 y= G,+PiG, + P,P,C, 
C, 42 = Gy + P,G, + P2P,|Go+ + PP,PLC, 
G = G,+P,G, + P,P,G, + P,;P,P,G, 
P = = P,P,P,P, 
LOGIC DIAGRAM 
C, Gy Po G, Py GP Gy Ps 
Am54/74182 Am9342 ORDERING INFORMATION CONNECTION DIAGRAM 
£%, Py G2 G 
Am54/74182 9342 a 
Package Temperature _ “Order Order : 
Type Range _ *"Number Number 10 
Molded DIP 0°C to +75°C SN74182N Am9342C 
Hermetic DIP 0°C to. ++-75°C “= SN74182J U6N934259X 
Hermetic DIP —552C to 4+-125°C =SN54182J = U7B934251X 
Hermetic Flat Pak - SN54182S U4L934251X e1. tge~ Se . 
Dice : SN54182D UXX9342XXD ry ai : " 
Note:The dice stippiled will contain units which meet both 0°C to —_ = St ean 
475°C and’ —55°C to + 125°C temperature ranges. P, Gg Po P 


NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ‘ —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto +7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vac max 
DC Input Voltage —0.5Vto+5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am74182, Am934259X _T, = 0°C to +75°C Vee = 5.0 V +5% 
AmS4182, Am934251X 1, = —55°C to 125°C Vic = 5.0V + 10% 


Parameters Description Test Conditions M Typ (Note 1) Max Units 


Veo = MIN., lo = —0.8 mA 
Vin = Vin or Vir 


Vee = MIN., Io, = 16.0 mA 
Vv Output LOW Voltage ce 7 OL 
= r ? Vin = Vin OF Viv: 
Vin Input HIGH Level Guaranteed input i-gical HIGH 20 
voltage for all inputs 
Vie, Input LOW Level Guaranteed input logical LOW 
: voltage for all inputs 
Unit Load 
! Note 2 = MAX., = 0.4 
Input LOW Current Vee 2 Mi CY 


Output HIGH Voltage 


Unit Load 
Veco = MAX., Viy = 2.4 V 
hie (Note 2) Input HIGH Current in 
Input HIGH Current Veco = MAX,, Vin = 5.5 V 
Voc = MAX., 
Iso Output Short Circuit Current a : 
Vous = 0.0 V 
Voc = MAX | | Am54182 
; All outputs LOW Am74182 
| Power Supply Current 
ce ae: Veo = MAX Am54182 
All outputs HIGH Am74182 


Notes: 1) Typical limits are at Vo, = 5.0 V, 25°C ambient and maximum loading. 
2) Actual input currents are obtained by multiplying unit load current by input load factor (See Loading Rules). 


SWITCHING CHARACTERISTICS v,, = 5V, T, = 25°C, N = 10 (C, = 15 pF, R, = 4002) 
Parameter From (Input) To (Output) Test Figure Test Conditions Min Typ Max Units 


Po =P, =P, 
G.=G,=6 
P=OV(i<i) _ 
C,=G,=G,=G6,=45V 
ee 
G=0VG<i) _ | 8. fe = 
C,=P,=P,=P,=45V 9 13 
P,=0V(j<i) 
C,=G,=G, ig 
G,=0VIi< i) 
1 pa = 
C,=P,=P, = < 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 


H_ HIGH, applying to a HIGH logic level or when used with V., to 
indicate high Vc_ value. 

| Input. 

L LOW, applying to LOW fogic level or when used with Voc to 
indicate low Vcc value. 

O Output. 


FUNCTIONAL TERMS: 


C, Active HIGH Carry In to the n’th ALU. 

C,,; Active HIGH Carry Out to the (n+i)th ALU; i = x, y, z. 
FANOUT The logic HIGH or LOW output drive capability in terms 
of input Unit Loads. 

G Active LOW Carry Generate over the P,, G inputs. This output 
is used with P at the next level of look-ahead. 

G, Active LOW Carry Generate inputs to the look-ahead generator; 
i=0,1,2,3. 

P Active LOW Carry Propagate output over the P.G, inputs. This 
output is used with G at the next level of look-ahead. 

P, Active LOW Carry Propagate inputs to the look-ahead generator; 
i= 0,1,2,3. 


OPERATIONAL TERMS: 


1, Forward input load current, for unit input load. 

lo4 Output HIGH current, forced out of output in Vo,, test. 
Io, Output LOW current, forced into the output in V_, test. 
,, Reverse input current with Vo, applied to input. 


Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. 

V,, Maximum logic LOW input voltage. 

Vou Minimum logic HIGH output voltage with output HIGH current 
lo, flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
lo, into output. 


SWITCHING TERMS: 

t,44 The propagation delay from a LOW to HIGH C, or P, input 
transition to a LOW to HIGH C,,,, C,,,, ©,,,, G or P output tran- 
sition. 

tg. The propagation delay from a HIGH to LOW C, or P, input 
transition to a HIGH to LOW C,,,, C4), Crys G or P output tran- 
sition. 2-181 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 


OUTPUTS 


Vec 6 Crtz Ch+y Cotx 


PULSE 
GENERATOR 


(See Note 5) SaciNowed) 
cL 15 pF {See Note 


{See Note 6) 


LOAD CIRCUIT 1 


GENERATOR 
(See Note 5) 


LOAD CIRCUITS 2, 3, 4, and S 
(Same as Load Circuit 1} 


Figure 1 


Note 5. The pulse generator has the following characteristics: Frequency = 1 MHz, Zout = 50 2, duty cycle = 50%. 
6. Cu includes probe and jig capacitance. 
7. All diodes are 1N3064. 


OuTRUT ouTeuT 
Crone Srey Cros: S, OR . ; Cree Cay: Cnez 


Figure 2 Figure 3 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD | 
LOW ORIVEN’LOW 


MINIMUM LOGIC OUTPUT LOAD 
"HIGH" OUTPUT 
VOLTAGE 


fe eK 

NOISE MINIMUM LOGIC 
IMMUNITY “HIGH INPUT 
(High level) VOLTAGE 


“its 


MAXIMUM LOGIC 
“LOW” OUTPUT MAXIMUM LOGIC 


VOLTAGE 1 ay se “LOW” INPUT 


VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS ~ VOLTS 


NOISE 
IMMUNITY 
(Low level) 


ORIVING DEVICE DRIVEN DEVICE OUTPUT DRIVING INPUT LOAD 
“HIGH” ORIVEN'HIGH 


Current Interface Conditions — HIGH 


DRIVING DRIVEN 
DEVICE OEVICE 


Figure 4 
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Am54/74182 TRUTH TABLE Am54/74182 LOADING RULES (in unit loads) 


Outputs” Input Output Drive 


Input/Output Pin No.’s Unit Load HIGH LOW 
1 a 


J 


O 
| 
° 
ol 


|| Ol) @I 


i=) 


! 


w 


v) 


G) 


70!) @ 
w 
Oo] OlNi @/ ala ol nr 


i?) 


i) 


_ 
_ 


"XXX KEM | ORK KEK | XT 
) 
z 


LKR KIT KK XK | EK KIT KK | KIT XK 


RrIrtiIecerrce 
O} @! 

ss 

° 


fe) 
S) 


) 
+ 
cad 


~ 
a 


=) 


| allo 
rs 


7 

Nn 
= 
an 


TKK KIRK KK) KOK KOK | KO KIX) KOT 
Q 

oO 

—_ 

o 


KOKKODLOKK) RRO RCI) KKK CIT 
xKOKOCTIX|) XxxKKr CITT 


<xx<x<CrDrrTt 
roeoeorrrt 


TABLE II 


m MOM RM) OOO KKK KK | OOK KKK 


rixxx|eee“xxx 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 


TABLE ! 


H 
X 
X 
X 
L 
L 
x 
H 
X 
X 
X 
X 
L 
L 
x 
X 
H 
X 
X 
X 
X 
L 
Xx 
H 
X 
X 
L 
H 
L 
X 


MSI INTERFACING RULES 


Equivalent 
Interfacing Input Unit Load 
Digital Family HIGH LOW 


Advanced Micro Devices 54/7400 1 1 
Advanced Micro Devices 9300/2500 Series 1 

FSC Series 9300 1 

Tl Series 54/7400 ; 1 
Signetics Series 8200 2 
National Series DM 75/85 1 

DTL Series 930 12 


TABLE Iil 


Am54/74182 APPLICATION 


Am54/74181 


S Ge 
Go Po Cnsx 
Cn amb4/74182 


G 


Am54/74182 


Am54/74182 


64-Bit ALU, Three Level Carry Look-Ahead 
Figure 5 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic ’ Molded 


r at 


100 
010 cal J 2 
-090 015 


£035 


Metallization and Pad Layout 
68 x 68 Mils 


ADVANCED 

x MICRO 

a T— DEVICES INC. 

; a 901 Thompson Place 
« MD Sunnyvale 
California 94086 

(408) 732-2400 


TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (2) 


Am9360-Am54/74192 
Am9366 -Am54/74193 


Decimal and Hexadecimal Up/Down Counters 


- 


Distinctive Characteristics 


‘e Separate up and down clocks 
‘e Asynchronous parallel load e 100% reliability assurance testing in compliance with 
© 32 MHz typical count rate MIL STD 883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am54/74192 (Am9360) and Am54/74193 (Am9366) are 

4-bit up-down counters. The 54/74192 counts in BCD code, 

and the 54/74193 in binary. The counters have separate 

count-up and count-down clock inputs (CPu and CP»). The 

outputs (Qo.;:) change synchronously following a LOW to HIGH 

transition on either. clock input. Only one clock input can be 

LOW at a time or erroneous counting will result. Each of the 

four flip-flops can be preset to HIGH or LOW by means of the 

four parallel inputs, Pos. When the parallel load input (PL) Am54/74192 
goes LOW, all four flip-flops set to the state of their P inputs Am54/74193 
irrespective of the clock inputs. An active HIGH master reset Ue] ROM COUNTER 
(MR) is provided that overrides both the clock and parallel 

load inputs, forcing all Q outputs LOW. Two terminal count 

outputs are gated with the clock inputs to provide clock 

signals to other counters. The TCp output goes LOW when the 

counter is in state 0000 and the count-down clock goes LOW. 

The TCu output goes LOW when the count-up clock goes LOW 

and the counter is in state 1001 (74192) or state 1111 (74193). 

The signals can drive directly the count-up and count-down V...<: PIN 16 
clocks on the next counter in a series. GND =PIN8 


LOGIC DIAGRAM 


Tey 
oO {CARRY 
Shan cee 


TCp 
(BORROW 
OUTPUT) 


Am54/74192 or Am9360 Decade Counter.only 
Am54/74193 or Am9366 Hexadecimal Counter only——— ——— 


CONNECTION DIAGRAM 


Am54/74192, 3 ORDERING INFORMATION 
Top View 


anion 
Am54/ Am54/ . me 
74192 741% “(Ola 9360 Am9366 vec Po MR TCp Ty 
Package Temperature Order, ... eOrde Fat Grier” Order 
Type Range Ne bere | ‘Number’, < Number Number 
Molded DIP 0°C to 0 + 7580S N74192N SNZA193N. U6M936059X U6M936659X 
Hermetic DIP 0°C to+ r5 SN741925 “SN74193J U7B936059X U7B936659X 
Hermetic DIP —55°C fo +125°C SN54192J SN54193J U7B936051X U7B936651X 
Hermetic Flat Pak —55°C to +125°C SN54192W SN54193W U4L936051X U4L936651X 
Dice Note SN74192 SN74193  UXX9360XXD UXX9366XXD 


Note: The dice supplied will contain units which meet both 0°C to Py Qy Q3 GND 
+75°C and —55°C to +125°C temperature ranges. 


Low-power versions of these circuits are available NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous ~0.5Vto+7V 
OC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max 
DC Input Voltage —0.5Vto +5.5V 
Output Current, Into Outputs ‘ 30 mA 
DC Input Current —30 mA to +5.0 mA 


SWITCHING CHARACTERISTICS v,, =5V, T, = 25°C, 


Parameter From (input) To (Output) Test Conditions 


M=0V 
(SUM or DIFF mode) 
M=0V,S,=S,=4.5V, 
S, = S, = 0 V (SUM mode) 
M=0V,S,=S,=O0V, 

S, = S, = 4.5 V (DIFF mode) 

M=0V,S, =S,=4.5V, 

S, = S, =0 V (SUM mode) 


M=0V,S,=S,=0V, 


S, = S, = 4.5 V (DIFF mode) 


M=0V,S,=S,=4.5V, 
S, = S, = 0 V(SUM mode) 


M=0O0V,S,=S,=0V, 
S, = S, = 4.5 V (DIFF mode) 


M=0V,S,=S, =45V, 
S, = S, = 0 V(SUM mode) 
OV,S, =S, =0V, 
2 = 4.5 V (DIFF mode) 
ore. =0V,S,=S,=0V, 
toa 2 = 4.5 V (DIFF mode) 
Note 3: F3 output is worst case. 


Switching Characteristics (1, =25°c) 
Parameters Definition Test Conditions Min Typ Max Units 


Delay from clock to Q output HIGH ; C, = 15 pF 

| tog (Q) | Delay from clock to Q output LOW See Fig. 1 
tray (TC) Delay from up or down clock to corresponding TC output HIGH C, = 15 pF 

tog (TC) Delay from up or down clock to corresponding TC output LOW See Fig. 1 


| tyy(CP) | Minimum clock LOW or HIGH time (Note 1) yatta 
PL 
Minimum LOW time on PL input See Fig. 2 


Set up time, P inputs 
See Fig. 3 


Maximum count frequency ; fs 
ta (MR) Delay, master reset to outputs LOW See Fig. 3 
tree (PL) Recovery time, parallel load input: See Fig. 2 


Notes 1) Either input must be LOW for tow (CP) and both Inputs must be HIGH for tow (CP) between clocks. 


Minimum HIGH time on master reset input 


Master reset recovery time 


DEFINITION OF TERMS 
SUBSCRIPT TERMS 


FUNCTIONAL TERMS 

CP, Count-up clock input. A LOW-to-HIGH edge on this input 
causes the contents of the counter to increment by one. 

CP, Count-down input. A LOW-to-HIGH edge on this input causes 
the contents of the counter to decrement by one. 

Q,.;. The outputs of the four internal flip-flops. Q, is the least sig- 
nificant bit of the counter. 

PL The paraile! load control. When this input is LOW, the four flip- 
flops are forced into the states defined by the P inputs. The PL 
input overrides the clock, and causes a direct set or clear of the 
flip-flops. 

Py.; The’ parallel data inputs. When PL is LOW, each flip-flop is 
immediately SET if its P input is HIGH and RESET if its P input is 
LOW. 

MR_ Master Reset. If this input is HIGH, all four flip-flops are forced 
to the 0 state irrespective of any other input. 

TC, Terminal Count Down. This output is the CP, input gated by 
the all 0’s state in the counter. If the Q outputs are all LOW, the 
TC, follows CP. 

TC, Terminal Count Up. This output is the CP, input gated by the 
maximum count state of the counter. For the 54/74192, the TC, 
output follows CP,, input if the Q outputs are HLLH (= 9). For the 
54/74193 the TC, output follows the CP, input if the Q outputs are 
all HIGH (= 15). 

Fanout The driving capability of the outputs, in terms of TTL unit 
loads. 

Input Unit Load The foading represented by a TTL gate input, as 
defined in the “electrical characteristics.” 


OPERATIONAL TERMS 


SWITCHING TERMS 

toa4 (Q) The delay from a LOW-to-HIGH transition on pier clock 

input to a LOW-to-HIGH transition on a Q output. 

toa (Q) The delay from a LOW-to-HIGH transition on either clock 

input to a HIGH-to-LOW transition on aQ output. 

tay (TC) The delay from a LOW-to-HIGH transition on either clock 

input to a LOW-to-HIGH transition on the corresponding TC output. 

toa (TC) The delay from a HIGH-to-LOW transition on either clock 

input to a HIGH-to-LOW transition on the corresponding TC output. 
t,, (CP) The minimum time that a clock signal can reside in either 

logic level for reliable operation. 

t,, (PL) The shortest LOW time on the PL input that will cause all 

four flip-flops to be set to the proper state. 

t,(P) The time before the PL input goes HIGH at which the flip- 

flop samples the P input. Data on the P inputs must not change 

between t, (P) max and t, (P) min. 

ae (MR) The shortest HIGH time on the MR input that will reset 

all four flip-flops. 

t,., (MR) Master Reset recovery time. The time that must lapse 

between the end of a reset signal and a clock LOW-to-HIGH transi- 

tion for the counter to accept the clock. 

ts. (PL) The parallel load recovery time. The time that must lapse 

between the end of a parallel load command and a clock LOW-to- 

HIGH transition for the counter to accept the clock. 

tae (MR) The delay from a LOW-to-HIGH transition on the MR 

input to a HIGH-to-LOW transition on a Q output. 

f 


max 


The maximum frequency at which the counter can be operated. 2-187 


SWITCHING WAVEFORMS 


AT LEAST 
tpwiCP} 


AT LEAST 
tow(CP) 


AT LEAST 
tpw(CP) 


——— 


AT LEAST AT LEAST 
tpw(PL) 


LOAD A LOW $ LOAD A HIGH 


Fig. 2. Input Timing Requirements for Parallel Load 


KEY TO TIMING DIAGRAM 


AT LEAST WAVEFORM INPUTS 


MUST BE 
STEADY 


AT LEAST 
tpw(MR) 


MAY CHANGE 
FROMHTOL 


MAY CHANGE 
FROMLTOH 


Fig. 3 Master Reset Timing DON'T CARE; 


ANY CHANGE 
PERMITTED 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING 
STATE 
UNKNOWN 


MSI INTERFACING RULES LOADING RULES 


Equivalent ; , Fanout 
Interfacting Input Unit Load Pin Input Output Output 
Digital Family HIGH LOW Input/Output No.’s UnitLoad HIGH Low 


Advanced Micro Devices 9300/2500 Series 91 1 
FSC Series 9300 

Advanced Micro Devices 54/7400 

Ti Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


1 = =— 
_ 20 10 
20 


OL Orin; > n) &]/ oO] n] = 


eee ee Se es 
HOja| P|) aolno|]~| oa 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN'LOW" 


OUTPUT LOAD 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level) VOLTAGE 


Ving 
COW" OUIEOT os MAXIMUM LOGIC wee 
Vv, e “oe we 
[¢] is LOW” INPUT sae 
VOLTAGE : i VOLTAGE Current [Interface Conditions — HIGH 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


IMMUNITY % OUTPUT DRIVING INPUT LOAD 
"HIGH" 


(Low tevel) DRIVEN’HIGH" 


DRIVING DEVICE DRIVEN DEVICE 


DRIVING DRIVEN 
DEVICE DEVICE 


APPLICATIONS 


Py PQ Po Py PQ 
Tcyfo 
“am54/74192/3 
TCofe 


Q OQ, Q a3 


CASCADING UP-DOWN COUNTERS 


Am9300 
REGISTER 


Po Py PQ Pg 
am54/74192/3. 


Qa; A 


MASTER 
CLOCK 


Asynchronous up and down clocks can be synchronized by the circuit shown. The master 
clock rate must be at least twice the rate of the up and down clocks. The circuit shown 
detects changes in the up and down inputs and supplies the appropriate clock to the 
counter. If both signals occur simultaneously, no clocks are produced. 


PHYSICAL DIMENSIONS 
Hermetic Dual-in-Line. 


pik lal Vo. 


035 016 


DEVICES INC. 


901 Thompson Place 

Sunnyvale 

California 94086 

DIEZ Size ' (408) 732-2400 
0.068” x 0.106" TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am93L60-Am93L66 


Low-Power Binary and Decimal Up/Down Counters 


Distinctive Characteristics 
© 85 mw typical power dissipation. 


e 23 MHz typical count rate. 


FUNCTIONAL DESCRIPTION 


The Am93L60 and Am93L66 are 4-bit up-down counters. 
The Am93L60 counts. in BCD code, and the Am93L66 
in binary. The counters have separate count-up and 
count-down clock inputs (CPu and CP»). The outputs 
(Qo3) change synchronously following a LOW to HIGH 
transition on either clock input. Only one clock input can be 
LOW at a time or erroneous counting will result. Each of the 
four flip-flops can be preset to HIGH or LOW by means of the 
four parallel inputs, Pos. When the parallel load input (PL) 
goes LOW, all four flip-flops set to the state of their P inputs 
irrespective of the clock inputs. An active HIGH master reset 
(MR) is provided that overrides both the clock and parallel 
Joad inputs, forcing all Q outputs LOW. Two terminal count 
outputs are gated with the clock inputs to provide clock 
signals to other counters. The TCp output goes LOW when the 
counter is in state 0000 and the count-down clock goes LOW. 
The TCy output goes LOW when the count-up clock goes LOW 
and the counter is in state 1001 (93L60) or state 1111 (93L66). 
The signals can drive directly the count-up and count-down 
clocks on the next counter in a series. 


LOGIC DIAGRAM 


Pixs 
(Loan) 
cPy 
(UP COUNT) 


(CLEAR) 


Am93L60 Decade Counter 


Am93L66 Hexadecimal Counter 


ORDERING INFORMATION 


Am93L60 
Order 
Number 


93L66 
Order 
Number 


Package Temperature 
Type Range 


© 100% reliability assurance testing in compliance with 


MIL STD 883. 
e Separate count up and count down clocks. ' 


LOADING RULES 
In Unit Loads (Notes) 


TTL loads 93L loads 
HIGH LOW HIGH LOW 


All Inputs F : 1.0 1.0 
HIGH LOW HIGH LOW 
All Outputs 10 20 12 


Input Loading 


Output Drive 


NOTES: 
1) party unit load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 40 yA 


2) aon unit load is specified as 0.3 V at —400 wA LOW, 2.4 V at 20 yA 


3) Enough output LOW current is available to mix TTL and 93L loads and 
still meet the 93L requirement of a V,, of 0.3 V. 


LOGIC SYMBOL 


TCu 
(CARRY 
OUTPUT) 


Am93L60 
Am93L66 
UP/DOWN COUNTER 


Voc = PIN 16 
GND =PIN8 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

—65°C to +150°C 

—55°C to +125°C 
-0.5Vto+7V 


Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for High Output State 


16-Pin Molded DIP 
16-Pin Hermetic DIP 
16-Pin Hermetic DIP 


O°Cto +75°C U6M93I:6059xX 
0°C to +75°C __ .»7B93L6059X 
—55°C to 4125°C+ U7B93L6051X 


16-Pin Hermetic Flat Pak —55°C to 125°C U4L93L6051X 


_& UXX93L60XXD 


U6M93L6659X 
U7B93L6659X 
U7B93L6651X 
U4L93L6651X 
UXX93L66XXD 


a 
NE Ahe dice: eines will contain units which meet both 0°C to 
ee +75°G; and ~55°C to +125°C temperature ranges. 


DC input Voltage 
Output Current, Into Outputs 
DC Input Current (Note 1) 


—0.5 V to +Vec max 
—0.5 Vto +5.5V 

30 mA 

—30 mA to +5.0 mA 


Note 1. Maximum current defined by DC input voltage. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am93L6059X, AM93LE659X T, = 0°C to +75°C Vee = 4.75 V to 5.25 V 
Am93L6051X, AM93SL6651X T, = —55°C to +125°C Voc = 4.50 V to 5.50 V 


Parameters Description Test Conditions 


Voc = MIN., Io,, = —0.4 mA 
Output HIGH Voltage cc +1 'OH 
pei g oe s 
Veco = MIN., Io, = 4.92 MA 
Output LOW Voltage cc OL 
Vin = Vin OF Vip 
Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 


Input LOW Level Guaranteed Input logical LOW 
voltage for all inputs 


93L Unit Load 
Veco = MAX., Vy = 0.3 V 
Nee 2) Input LOW Current ce Ma Vin Od 


Input HIGH Current Veco = MAX,, Vin = 5.5 V 


93L Unit Load 
Veco = MAX., Vin = 2.4 V 
hy Input HIGH Current cS iM 
(Note 2) 


Output Short Circuit Current Veco = MAX., Voy7 = 0.0 V 


a Power Supply Current Veo = MAX. 


Notes: 1) Typical limits are at Veg = 5.0 V, 25°C ambient and maximum loading. 
2) Actual.input currents are obtained by multiplying unit load current by the 93L input load factor. (See loading rules) 


SWITCHING CHARACTERISTICS (1, = 25°C) (vcc = 5.0 V, Ci = 15 pF) 
Parameters Definition Test Conditions Min Typ Max Units 


Delay from clock to Q output HIGH C, = 15 pF 
Delay from clock to Q output LOW See Fig. 1 
Delay from up or down clock to corresponding TC output HIGH C, = 15 pF 


ee (TC) Delay from up or down clock to corresponding TC output LOW See Fig. 1 
pw (CP) Minimum clock LOW or HIGH time (Note 1) 


ow (PL) Minimum LOW time on PL input See Fig. 2 


: (P) Set up time, P inputs 
pw (MR) Minimum HIGH time on master reset input 


See Fig. 3 
te, (MR) Master reset recovery time 


pte Maximum count frequency 


a (MR) Delay, master reset to outputs LOW See Fig. 3 
(PL) Recovery time, parallel load input See Fig. 2 
tree 


Notes 1) Either input must be LOW for t, (CP) and both inputs must be HIGH for t, y (CP) between clocks. 


SWITCHING TIME WAVEFORMS 


Fig. 2. Input Timing Requirements for Parallel Load 


AT LEAST, ATLEAST © AT LEAST, 
tpwiCP) tpwiCP) tow(CP) 


AT LEAST AT LEAST. 
tpwiCP) tpwiPL) 


WAN TTA AAT 
" AAT Hf LTEEEETT TELLS 


LOAD A LOW LOAD AHIGH 


Metallization and Pad Layout 


a MR TCp Tey PL 
RULERS, femal = wu 


tier ADVANCED 
=a) MICRO 
aee DEVICES INC. 


901 Thompson Place 
4 { Sunnyvale 


N 


California 94086 
ea) (408) 732-2400 

DIE SIZE TWX: 910-339-9280 
Fig. 3 Master Reset Timing Diba” Se c008" TELEX: 34-6306 


= ee ce 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am54/74153 


Dual 4-Line To 1-Line Data Selector / Multiplexer 


Distinctive Characteristics @ Separate strobe input for each data selector section. 
@ Permits multiplexing from N lines to 1 line. @ 100% reliability assurance testing in compliance with 
@ Performs parallel-to-serial conversion. MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 
This dual four-input multiplexer provides the digital equivalent 

of a two-pole, four position switch with the position of both 

switches set by the logic levels supplied to the select inputs A 

and B. Each section of the Am54/74153 has a separate 

active-LOW enable (strobe) input that forces the output of that 

section LOW when a HIGH level is applied regardless of the 

other inputs. 


OUTPUT 
1¥ 


ORDERING INFORMATION 


Am54/74153 


Package Temperature Order 
Type Range Number 


OUTPUT 
Molded DIP 0°C to +70°C SN74153N av 
Hermetic DIP O°C to +70°C SN74153J 
Dice 0°C to +70°C SN74153X 
Hermetic DIP —55°C to +125°C SN54153J 
Hermetic Flat Pak —55°C to +125°C SN54153W 
Dice —55°C to +125°C SN54153X 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


1c0 1C1 1€2 103 2CO 2C1 2C2 2C3 


ee 
DATA 1 DATA 2 


A SELECT 
Am54/74153 


OUTPUT 
2Y 


Vcc = Pin 16 


Note: Pin 1 is marked for orientation. GND = Pin8 


2-193 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature - —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to + Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74153 Tp = 0°C to +70°C Vcc = 5.0V #5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am54153 Ta = -55°C to +125°C Vec = 5.0V £10% (MIL) MIN. = 4.5V MAX. = 5.5V Typ 
Parameters Description Test. Conditions (Note 1) Min. (Note 2) Max. Units 


5 Vec = MIN., lou = ~800nA 
VOH Output HIGH Voltage Vin = Vin or Vib 


Vec =MIN., lou = 16mA 
Vin = Vin or Vit 


Guaranteed input logical HIGH 

Input HIGH Level voltage for all inputs 2 
Guaranteed input logical LOW 

Input LOW Level voltage for all inputs 


Input Clamp Voltage Voc = MIN., li = —12mA 2 


Output LOW Voltage 


Ne Unit Load = Ms 

(Note 3) Input LOW Current Vcc = MAX., Vin = 0.4V 
Unit Load - 3 : 
Input HIGH Current Vec = MAX., Vin = 2.4V 


Output Short Circuit Current = _ 
(Note 4) : Vec = MAX., VouT = 0.0V Am74 
Power Supply Current Vcc = MAX. (Note 5) a 
rr = . fe] 
as ac oh : Am74 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are.at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4 

5 


. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
» loc is measured with all outputs open and all inputs grounded. 


Switching Characteristics (T , = +25°C) 
Parameters . Description Test Conditions Min. Typ. Max. Units 


t 
Data to Output 
tPHL 


t 

Select to Output Vec = 5.0V, Ry, = 4002, Cy = 30 pF 
t 

Strobe to Output 


FUNCTION TABLE 


OUTPUTS 


INPUTS 


Le oe Le re rs 
fae Pol er XK 

x KK KK KX IT XK 

x x xX KX TT K XK 

x xX TOK KK XK K 
cr KKK KK XK 

Por ee re ee 
peace 


HIGH 
LOW 
Don’t Care 


: A&B are common to both 4 input multiplexers. 


DEFINITION OF FUNCTIONAL TERMS 


1C;, 2C; Data Inputs. The four data inputs to each multiplexer 
i=0, 1, 2, and 3. 

1Y, 2Y Multiplexer Outputs. The output of each four-input 
multiplexer. 

A,B Select Inputs. The inputs used to determine which of 
the four inputs are selected for the output. 

G Enable (Strobe). An active-LOW strobe used to enable the 
output. A HIGH level input forces the output LOW regardless 
of the other inputs. 


Input/Output Pin No.’s 


LOADING RULES (In Unit Loads) 


Fan-out 
Output Output 
Unit Load HIGH LOW 


1 
1 
1 


Onl Al a! AL, oO! NO] = 


A TTL Unit Load is defined as +40uA measured at 2.4V HIGH and 
—1.6mA measured at 0.4V LOW. 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


UNIT LOAD 
4kQ NOM 


Note: Actual current flow direction shown. 


APPLICATION 


32-LINE TO 1-LINE DATA SELECTOR WITH REGISTER STORAGE 


8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


1CO 1€1 1€2 1C3  2CO 2C1 2C2 2C3 yO 1C1 1C2 1€3  2CO 2C1 2C2 2c3 icO 1C1 162 103 2C0 2C1 2C2 2¢3 


10 109 1C2 103 20 2C1 22 2>I 


STROBE 


Poa Pos 


1/4 of AM25S09 


DATA 
OUTPUT 


Metallization and Pad Layout 


DIE SIZE 0.054” X 0.056” 
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DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


f MAX The highest operating clock frequency. 


tpLH The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 

Pulse width. The time between the leading and trailing 
edges of a pulse. 

Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 

Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 

Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 


tPHL 


Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 


Release time. The time interval for. which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
_manufacturers as a negative hold time). 


UNIT LOAD DEFINITIONS 


HIGH 
Measure 
Voltage 


2.4V 
2.7V 
2.4V 
2.7V 
2.4V 
2.4V 
2.7V 


LOW 
Measure 
Voltage 


0.4V 
0.5V 
0.3V 
0.4V 
0.4V 
0.4V 
0.5V 


Current 
—-1.6mA 


—2.0mA . 
—0.4mA 
—0.36mA 
—1.6mA 
—2.0mA 
—2,.0mA 


SERIES 
Am25/26/2700 


Am25S/26S/27S 
Am25L/26L/27L 
Am25LS/26LS/27LS 
Am54/74 

54H/74H 
Am54S/74S 


S54L/74L 
(Note 4) 


54L/74L 
(Note 1) 


Am54LS/74LS 
Am9300 
Am93L00 
Am93S00 
Am75/85 
Am8200. 


Current 
40yA 
50yA 
20pA 
20pA 
40uA 
50yA 
50uA 


20pnA 2.4V —0.8mMA 0.4V 


10pA 2.4V —0.18mA 0.3V 


2.7V 
2.4V 
2.4V 
2.7V 
2.4V 
4.5V 


—0.36mA 
—1.6mA 
—0.4mA 
—-2.0mA 
—1.6mA 
—1,.6mA 


0.4V 
0.4V 
0.3V 
0.5V 
0.4V 
0.4V 


20uA 
40 uA 
20uA 
50yuA 
40yA 
40uA 


Note: 1. 54L/74L has two different types of standard inputs. 


PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES 


TIMING 
INPUT 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don‘t care condition. 


PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION 


OUTPUT 


OPPOSITE PHASE __ 
INPUT TRANSITION 


Notes: 1. Pulse Generator for All Pulses: 


LOAD TEST CIRCUIT 


TEST 
POINT 


” FROM OUTPUT 
UNDER TEST 


ALL DIODES 
1N916 OR 
1N3064 

C_ INCLUDES 

PROBE AND JIG 

CAPACITANCE 


PULSE WIDTH 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


Rate < 1.0MH72; Z, = 5022; t, < 10ns; te < 10ns, 
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INPUT/OUTPUT VOLTAGE. DEFINITION OF STANDARD TERMS 
INTERFACE CONDITIONS H_ HIGH, applying to a HIGH voltage level. 


L LOW, applying to a LOW voltage level. 
| Input. 


MINIMUM LOGIC O Output. 
HIGH" OUTPUT 


VOLTAGE me om Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 


ones we Veee one Ij, LOW-level input. current with a specified LOW-level 


(High level) VOLTAGE voltage applied. 


ly HIGH-level input current with a specified HIGH-level 


Vit voltage applied. 
2 

M I , 

TON OUreOr Vv Pad MAXIMUM LOGIC 


OL i: “LOW INPUT 
VOLTAGE Sees VOLTAGE HIGH-level output current. 


LOW-level output current. 


‘OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


NOISE . ‘ 
IMMUNITY Output short-circuit source current. 


(Low tevel) 


DRIVING DEVICE DRIVEN DEVICE Icc The supply current drawn by the device from the Vcc 
power supply. 
Ving Vit Logic LOW input voltage. 
Vit, Vin Logic HIGH input voitage. 
Voz_ LOW-level output voltage with Io, applied. 


DRIVING ‘ > 7 
DEVICE ° Device Von HIGH-level output voltage with lop applied. 


Note: Refer to Electrical Characteristics for measure current. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


320 
--+ 300 — 
OUTSIDE) 


TING 


015 
min, SEA 
PLANE 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am54/74160 * Am54/74161 
Am54/74162 * Am54/74163 


Synchronous Four-Bit Counters 


Distinctive Characteristics 

@ 4-bit synchronous counters 

@ Synchronously programable 

@ Internal look-ahead counting 

® Carry output for n-bit cascading 


@ Synchronous or asynchronous clear 
@ 100% reliability assurance testing in compliance with 


MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am54/74160, Am54/74161, Am54/74162 and Am54/74163 
synchronous, presettable counters have interna! look-ahead carry 
and ripple carry output for high-speed counting applications. The 
Am54/74160 and Am54/74162 are decade counters and the 
Am54/74161 and Am54/74163 are 4-bit binary counters. Counting 
or loading occurs on the positive transition of the clock pulse. A 
LOW level on the load input causes the data on the A, B, C and D. 
inputs to be shifted to the appropriate Q outputs on the next 
positive clock transition. LOW-to-HIGH transitions of the load 
input should not occur when the clock is LOW if the enable inputs 
are HIGH at or before the transition. 


The Am54/74160 and Am54/74161 feature an asynchronous clear. 
A LOW level at the clear input sets the Q outputs LOW regardless 
of the other inputs. The Am54/74162 and Am54/74163 have a 
synchronous clear. A LOW level at the clear input sets the Q outputs 
LOW after the next positive clock transition regardless of the 
enable inputs. 


Both count-enable inputs P and T must be HIGH to count. Count 
enable T is included in the ripple carry output gate for cascading 
connection. HIGH-to-LOW level transitions on the enable P or T 
inputs should occur only when the clock is HIGH. 


LOGIC DIAGRAMS 


Am54/74160 Synchronous Decade Counter 


(9) 


LOAD =» 0 (14) a, 


Bega 
DATA (3) ie@inee —_ 
A 2D ae 
ten: 


DATA (4) 
B 

DATA (5) 
c 


DATA (6) 
D 


(15) RIPPLE 


Am54/74162 synchronous decade counters are similar; however, the 
clear is synchronous as shown for the Am54/74163 binary counters. 


Part 
Number 


Am54/74160 


Am54/74161 


Am54/74162 


Am54/74163 


ORDERING INFORMATION 


Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Fiat Pak 
Dice 


Temperature 
Range 


0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


O°C to +70°C 

0°C to +70°C 

0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Order 
Number 


SN74160N 
SN74160J5 
SN74160X 
SN54160J 
SN5S4160W 
SN54160X 


SN74161N 
SN74161J3 
SN74161X 
SN54161J5 
SN54161W 
SN54161X 


SN74162N 


SN74162J 
SN74162X 


SN541625 - 


SN54162W 
SN54162X 


SN74163N 
SN74163J 
SN74163X 
SN54163J 
SN54163W 
SN54163X 


Am54/74163 Synchronous Binary Counter 


(9) 


DATA (5) 
c 


DATA (6) 


(15) RIPPLE 


Am54/74161 synchronous binary counters are similar; however, the 
clear is asynchronous as shown for the Am54/74160 decade counters. 


4 


Vec = Pin 16 
GND= Ping 


CONNECTION DIAGRAM 
Top View 


Qg Qp ENT LOAD 


D ENP GND 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc max. 
DC Input Voltage —-0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 


DC Input Current —30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74160, Am74161, Am74162, Am74163 Ta = 0°C to +70°C Vec = 5.0V £5% (COM'L) MIN, = 4.75 V MAX. = 5.25V 
Am54160, Am54161, Am54162, Am54163 Ta = —55°C to +125°C Vcc = 5.0V £10% (MIL) MIN, = 4.5V MAX, = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units. 


Voc = MIN., Ion = —8002A 
Von Output HIGH Voltage GG on . 


Vin = Vin or Vin 


Vec = MIN., lo” = 16mA 
Output LOW Voltage cc . OL um 


VOL 
Vig Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
VIL Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Input Clamp Voltage Vcc = MIN., lin = —12mMA 


Ne 7 < CK or EN T 


CK or ENT 
Input HIGH Current Vcc = MAX., Vin = 2.4V 
Others 


Input HIGH Current Vec=MAX., ViIn=55V |. | 


Output Short Circuit Current —20 
! Vec = MAX., V =0.0V 
= (Nowe 4) Ma Renee 
Power Supply Current , = 54 Series 
All Outputs HIGH Vcc = MAX. (Note 5) 
Power Supply Current _ 
All Outputs LOW Vcc = MAX. (Note 6) 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrica! Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5 

6 


o 
~ 


t 
site o 
~s N 


= 
Oo 
= 


» lecH is measured with the load input HIGH, then again with the load input LOW, with all other inputs HIGH and all outputs open. 
- leer is measured with the clock input HIGH, then again with the clock input LOW, with alt other inputs LOW and all outputs open. 


Switching Characteristics (Tq = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Clock to Carry Output 


Clock to OQ Output with Load Input HIGH 


t 
Enable T to Carry Output 
tPHL 


Clock to Q Output with Load Input LOW 
Clear to Q Output (Note 1) 
Vec = 5.0V, CL = 15pF, Ry = 4002 
Pulse Width 
Data —A,B,C,D 

; Enable P 

Set-up Time 
a Clear (Note 2) 

Hold Time — Any Input 
Maximum Clock Frequency 


Notes: 1. Measured from clear input on Am54/74160 and Am54/74161. Measured from clock input on Am54/74162 and Am54/74163. 
2. Applies to Am54/74162 and Am54/74163 only. 


DEFINITION OF FUNCTIONAL TERMS 


CK Clock pulse. Enters data or counts on the positive- 
going edge. 

CLR Clear. On the Am54/74160 and Am54/74161, the 
clear is asynchronous. A LOW on the clear sets all four 
flip-flops LOW. On the Am54/74162 and Am54/74163 
the clear is synchronous. A LOW on the clear sets all four 
flip-flops LOW after the next positive-going clock edge. 
LOAD Load. When the load is LOW, data on the A, B, C 
and D inputs is transferred to the output on the positive- 
going clock edge. When the load is HIGH, the counter is 
enabled. 

ENP Enable P. Parallel count enable. Must be HIGH to 
count. 

EN T Enable T. Serial trickle count enable. Must be HIGH 
to count. 


A,B, C,D The four counter parallel inputs. 
Qa,Q9g,Qc,Qp The four counter outputs. 


Carry Output Carry look-ahead circuitry for cascading. 
Will be HIGH when the four-bit counter is maximum (1001 
for BCD and 1111 for binary). 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 


Input/Output PinNo.’s UnitLoad HIGH LOW 


ay 


1 _ 


Clear 


Clock 


Enable P 


GND 


OLD InN | A] AA] wl] ny 


Load 
Enable T 


Qp 


Qc 


Og 


Qa 
Carry Out 


Vcc 


A TTL unit load is defined as 40uA measured at 2.4V HIGH and 
—1.6mA measured at 0.4V LOW. 


, INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


UNIT LOAD 
4kQ NOM. 


Note: Actual current flow direction shown. 
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APPLICATIONS 


Am54/74160 thru Am54/74163 


ADDITIONAL 


CLR 
: Qa Og [r STAGES 


High-speed, look-ahead carry counter for BCD (Am54/74160 or Am54/74162) or binary (Am54/74161 or 
Am54/74163). Can count modulo N, Ny-to - Ng, or Ny -to-N maximum. 


Pad Layout 


15 CARRY 
OUTPUT 


GND 8 9 LOAD 


DIE SIZE 0.074” X 0.095” 
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DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) : 


f max The highest operating clock frequency. 

tpLH The propagation detay time from an input change to an out- 
put LOW-to-HIGH transition. . 

tpp_ The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 
Pulse width. The time between the leading and trailing 
edges of a pulse. 
Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 
Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 
Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 
Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 


SERIES 
Am25/26/2700 


Am25S/26S/27S 
Am25L/26L/27L 


Am25LS/26LS/27LS 


Am54/74 
54H/74H 
Am54S/74S 


B54L/74L 
(Note 1} 


54L/74L 
(Note 1) 


Am54LS/74LS 


UNIT LOAD DEFINITIONS 
HIGH LOW 


Measure 
Current Voltage Current 


40 uA 24V | —1.6mA 
50uA 2.7V. | -2.0mA 
20 uA 24V | —0.4mA 
20 nA 2.7V | —0.36mA 
40yuA 24V | -1.6mA 
50 uA 24V | -2.0mA 
50 uA 2.7V | -2.0mA 


20uA 2.4V —0.8mMA 


uA | 24V —0.18mA 


20uA 2.7V —0.36mA 


Measure 
Voltage 


0.4V 
0.5V 
0.3V 
0.4V 
0.4V 
0.4V 
0.5V 


0.4V 


0.3V 


0.4V 


Release time. The time interval for which a signal may Am9300 40 nA 24V —1.6mA 0.4V 
be indeterminant at one input terminal before an active : : 
transition occurs at another input terminal. (The release time Am93L.00 20uA 2.4V —0.4mA 0.3V 


falls within the set-up time interval and is specified by some Am93S00 50nA 27V _2.0mA O5V 


manufacturers as a negative hold time). 
Am75/85 40 pA 2.4V —1.6mMA 0.4V 
Am8200 40 yA 45V —1.6mMA 0.4V 


Note: 1. 54L/74L has two different types of standard inputs. 


~ PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES LOAD TEST CIRCUIT 


TIMING FROM OUTPUT 
INPUT . UNDER TEST 


ALL DIODES 
1N916 OR 
1N3064 


C_ INCLUDES 
PROBE AND JIG 
CAPACITANCE 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY PULSE WIDTH 


SAME PHASE LOW-HIGH-LOW 
INPUT TRANSITION — . PULSE 


HIGH-LOW-HIGH 
OUTPUT. ———————_—_—_ Sees * PULSE” 


OPPOSITE PHASE __ 
INPUT TRANSITION 


Note: 1, Pulse Generator for All Pulses: Rate < 1.0MHz; Zg = 502); th < 10ns; ts < 10ns. 
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INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 
“HIGH” OUTPUT 


|) Input. 
VOLTAGE Vou 


---a58RG O Output. 
a8 : | | 
eed — Negative Current Current flowing out of the device. 
NOISE MINIMUM LOGIC 2 . . 
IMMUNITY "HIGH" INPUT Positive Current Current flowing into the device. 


(High tevel} VOLTAGE 
I, LOW-level input current with a specified LOW-level 
voltage applied. 


eae Sante ly HIGH-level input current with a specified HIGH-level 
“LOW” OUTPUT : MAXIMUM LOGIC voltage applied 
VOLTAGE “LOW” INPUT ° 


NOISE panera lo, LOW-level output current. 


IMMUNITY . 
(Low tevel) lou HIGH-level output current. 
DRIVING DEVICE DRIVEN DEVICE 


MINIMUM LOGIC 


ViLy 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Isc Output short-circuit source current. 


Icc The supply current drawn by the device from the Vcc 
power supply. 

Vii Logic LOW input voltage. 

Vin Logic HIGH input voltage. 

Vo_ Low-level output voltage with lo, applied. 


DEVICE DEVIEE Vou HIGH-level output voltage with !oy applied. 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


300 
(OUTSIDE) 


SEATING 
"PLANE 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


2-204 
Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 3-74 
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Am54/74174 ¢ Am54/74175 


Hex /Quadruple D-Type Flip-Flops with Clear 


Distinctive Characteristics 
® Buffered clock and direct clear inputs. 


® Individual data input to each flip-flop. 


FUNCTIONAL DESCRIPTION 


The Am54/74174 is a hex positive-edge-triggered D-type 
parallel register. The Am54/74175 is a quad positive-edge- 
triggered D-type parallel register with both O and G outputs 
available. Both registers feature a single common clock line 
and a single common clear line. 


When the clear input is LOW, the Q outputs are LOW 
regardless of the other inputs. When the clear input is 
HIGH, the clock will transfer data on the Dj inputs to the 
Qj outputs on the LOW-to-HIGH transition of the clock. 
Clock triggering occurs at a particular voltage level and is 
not directly related to the transition time of the positive- 
going edge. When the clock is at either a HIGH or a LOW, 
the Dj inputs have no effect on the Qj outputs. 


LOGIC SYMBOLS 


Am54/74174 Am54/74175 


3°94 #6 11 13 «14 4 5 12. 13 


1D 2D 30 4D 5D 6D 


Am54/74174 


Am54/74175 


10 1 20 20 30 30 40 4a 


2 5 7 10 12 15 3°92 6 7 11 10 14 15 


Vcc = Pin 16 
GND = Pin8 


Am54/74174, Am54/74175 ORDERING INFORMATION 


Am54/74174 =Am54/74175 


Package Temperature Order Order 
Type Range - Number Number 
Molded DIP 0°C to 70°C SN74174N SN74175N 
Hermetic DIP 0°C to 70°C SN74174J SN74175J 
Dice 0°C to 70°C SN74174X SN74175X 


Hermetic DIP 
Hermetic Flat Pack 
Dice 


—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


SN54174J SN54175J5 
SN54174W SN54175W 
SN54174X SN54175X 


@ 35 MHz typical clock frequency. 
@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL BLOCK DIAGRAMS 


Am54/74174 Am54/74175 


(1) 
CLEAR —O] SO 


Dynamic input activated 
by transition from a HIGH 
level to a LOW level 


CONNECTION DIAGRAMS 
Top View 


Am54/74174 Am54/74175 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature : —65°C to +150° 
Temperature (Ambient) Under Bias —55°C to +125° 
Supply Voltage to Ground Potential Continuous —0.5 V to +7 
DC Voltage Applied to Outputs for High Output State , —0.5V to +Vec ma 
DC Input Voltage —0.5 V to +5.5 
Output Current, Into Outputs 30m 
DC Input Current —30 mA to +5.0 mr 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74174, Am74175 Ta =O0°C to 70°C Vec = 5.0V £5% (COM) MIN, = 4.75 V MAX. = 5.25V 
Am54174, Am54175 Ta = —55°C to +125°C Vec = 5.0V + 10% (MIL) MIN, = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Vcc = MIN.,! =—-—0.8mA 
Output HIGH Voltage ae Uiaoe Vi 
Vcc =MIN., lot = 16mA 
Output LOW Voltage ae Viner MAL om 
Guaranteed input logical HIGH 
‘ Guaranteed input logical LOW 
ee aa zen voltage for = inputs a 
Unit Load 
mee iol current nee - wee iy : i 
Unit Load 
vides ue ae ee - sh ey : ee ar 
eel eee 


Ne 
(Note 3) 


Input HIGH Current Vcc = MAX., Vin = 5.5V 


54174,5 
Output Short Circuit Current (Note 4) Vcc = MAX. 

74174, 5 

54/74174 
Power Supply Current (Note 5) Vcc = MAX. 

54/74175 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Actual input current = Unit Load Current x Input Load Factor (See Loading Rules). 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. All outputs open. Data and clear inputs at 4.5 V. Measured after a momentary ground, then 4.5V applied to the clock. 


04 ° 
eal 
ee 
cas 
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Switching Characteristics (Ta = 25°C) 
Limits 
Parameters Description Test Conditions Min. Typ. Max. Units 


Maximum Clock Frequency 


Propagation Delay Time, LOW-to-HIGH Level 
Output from Clear (Am54/74175 Only} 


‘ Propagation Delay Time, HIGH-to-LOW Level 
PHL Output from Clear 
; Propagation Delay Time, LOW-to-HIGH Level Vcc = 5.0V 
PLH Output from Clock CL = 15pF, RL = 4002 


‘ Propagation Delay Time, HIGH-to-LOW Level (See Switching Waveforms} 
PHL Output from Clock — 
t 


Pulse Width 


Set-up Time 


aot Hold Time - Data 


SWITCHING WAVEFORMS 


VOLTAGE WAVEFORMS PROPAGATION DELAY TIMES 


WwW 
bt 


CO AKXARKAKRKK -—— 
VAVAVAVAVAAVAVAVAVATAVAVAVATAVAVATATAMAYA 


Na 
wig == 


a Ee ee {—_» 


sd 


is 


—— 


— 


CLEAR ff —_§_ 1.5V 


= 


Qj Te 1.5V 
eS : 
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DEFINITION OF TERMS 
SUBSCRIPT TERMS 
4 HIGH, applying to a HIGH logic level or when used with Vcc 
‘0 indicate high Vcc value. 
Input. 
- LOW, applying to LOW logic level or when used with Vcc to 
ndicate low Vcc value. 
> Output. 
*-UNCTIONAL TERMS 
2 Information on the D input is written into the flip-flop on the 
ositive going clock transition. 
2, Q The flip-flop outputs. 
3K Clock. The clock input is common to all flip-flops and trans- 


ers data on the D input to the O output on its LOW-to-HIGH 
ransition. 


7LR Clear. The clear input is common to all flip-flops. A LOW 
nput sets the OQ outputs to a LOW. 

JPERATIONAL TERMS 

L Forward input load current for unit input load. 

OH Output HIGH current forced out of output in Voy test. 


oL Output LOW current forced into the output in Vo, test. 
Reverse input load current. 


Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum fogic HIGH input voltage. 

Vii Maximum logic LOW input voltage. 

Voy Minimum logic HIGH output voltage with output HIGH 
current Igy flowing out of output. 


Voit Maximum logic LOW output voltage with output LOW 
current Io, into output. 


SWITCHING TERMS: (AII switching times are measured at the 
logic level) 


tpLy The propagation delay time from an input change to an 
output LOW-to-HIGH transition. 

tpy_ The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 

tow The minimum time between the 1.5V points on the leading 
and trailing edges of a pulse. 

t, Set-up-time. The time interval for which a signal must be 
applied and maintained at a specified level for a specified input 
terminal before an active transition occurs at another specified 
input terminal. 

t, Hold time. The time interval for which a signal is retained at a 
specified level for a specified input terminal after an active tran- 
sition occurs at another specified input terminal. 


FUNCTION TABLE MSI INTERFACING RULES 
(Each Flip-Flop) Equivalent 


INPUTS OUTPUTS , Input Unit Load 
Clear Clock D Interfacing Digital Family HIGH LOW 


a Advanced Micro Devices 9300/2500 Series 
ne rd ee Fb Sree) 99002 9 

je ee eee Advanced Micro Devices 64/7400 

H L X Qo Ag TI Series 54/7400 


Signetics Series 8200 
H = HIGH Level (Steady State) National Series DM 75/85 
L = LOW Level (Steady State) z 
< erhecekaent DTL Series 930 
$ = Transition from Low-to-High Level 
Qo = The Level of Q before the Indicated Steady-State 
Input Conditions were Established. 
t = Am54/74175 Only. 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN*LOW* 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 
RRS 
es 
ae ra —= 
NOISE MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level) VOLTAGE 


v 

; it GND = 
MAXIMUM : . 
"LOW" ouTPUT Rae ea MAXIMUM LOGIC 


VOLTAGE Oly RR Ralceae Current Interface Conditions — HIGH 
tMMUNITY OUTPUT DRIVING INPUT LOAD 
(how eealt “HIGH” | DRIVEN*HIGH* 
DRIVING DEVICE DRIVEN DEVICE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


DRIVING 
DEVICE DEVICE 
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APPLICATION 


st 
R 
st 
RK 
& 
+ 
oO 

€ 
< 


(Am2506 E = Sg = HIGH; M = Sq = So = Sg = LOW) 


6-Bit Input, Integrate and Dump for 
Magnitude-Only Arithmetic (65 samples min. before overflow) 
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Am54/74174 LOADING RULES (In Unit Loads) Am54/74175 LOADING RULES (In Unit Loads) 


Fan-out Fan-out 
. Input Output Output Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW Input/Output Pin No.’s UnitLoad HIGH LOW 
Clear 1 1 Clear 1 1 - - 
2 10 2 - 20 10 
3 10 3 - 20 10 
4 1D 4 1 = = 
5 2D 5 1 = “ 
6 20 6 a 20 10 
7 20 7 - 20 10 
8 GND 8 = - 
9 CK 9 1 _ - 
10 30 10 _ 20 10 
30 11 = 20 10 
3D 12 1 = = 
4D 13 1 = 3 
4a 14 - 20 10 
40 15 - 20 10 
Vec 16 - - _ 
PHYSICAL DIMENSIONS 
Dual-tn+Line 
en teies! 
. 2 
Ceramic Nd Molded 
pb 
\ 2255 Be occ 
245 
+ Tyre 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


DIE SIZE .075” x .082” 
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Am54/74194-Am54/74195 


Four-Bit Shift Registers 


Distinctive Characteristics @ Parallel inputs and outputs 
@ Positive edge-triggered clocking ®@ 100% reliability assurance testing in compliance with 
@ Direct overriding clear MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


The Am54/74194 features four separate operating modes: 

Synchronous parallel load, right shift, left shift and inhibit. 

With Sg and S1 HIGH, data is synchronously parallel loaded 

into the register on the positive transition of the clock. 

The register will shift right with Sg HIGH and S; LOW 

and will shift left with Sg LOW and Sq HIGH. All shifting 

occurs on the positive transition of the clock input. With 

So and $1 LOW, all register functions are inhibited. The peal 14 \3t meaaee 
mode control inputs Sg and Sj should be changed only Qa, Og O Op CICLRg, ag a 
when the clock is HIGH. 


The Am54/74195 can be operated in either the synchronous 
parallel load or shift right modes. With the shift/load con- 
‘trol LOW, data is synchronously loaded into the register 
on the positive going transition of the clock input. With the 
shift/load contro! HIGH, data on the J-K inputs is serially 
shifted right. This register provides both the Qp and Op 
outputs. 


Voc = Pin 16 
GND = Pin8 


Both registers provide a direct overriding active-LOW clear 
input. 


LOGIC DIAGRAMS 


Am54/74194 Am54/74195 


PARALLEL INPUTS SERIAL PARALLEL INPUTS 


SHIFT (9) 
LOAD o > 


ODE zo rae (ene (a Ree 
CONTROL ) . : CONTROL 


== Hi H 
U oY y 


PARALLEL OUTPUTS PARALLEL OUTPUTS 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 


Am54/ Am54/ 

74194 74195 Qg Oc Op cP 
Package Temperature Order Order 
Type Range Number Number 


Molded DIP 0°C to +70°C SN74194N SN74195N 

Hermetic DIP O°C to +70°C SN74194J SN74195J 

Dice O°C to +70°C SN74194X SN74195X 
Hermetic DIP -55 Cto+125°C §N54194J SN54195J 7 3 
Hermetic FlatPak -55°Cto+125°C SN54194W SN54195W B Hl 
Dice. -55°C to+125°C SN54194X SN54195x L GND K 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to+7V 
. DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vcc max. 
DCinput Voltage TESST S20,5V to +5.5V 
DC Output Current, Into Outputs 30 mA 
DC Input Current -30mA to +5.0mMA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74194, Am74195 Ta =0°C to +70°C Vec = 5.0V £5% (COM’L) MIN.=4.75V MAX. = 5.25V 
Am54194,Am54195  Ta=-58°Cto+125C Voec=5.0V+10% (MIL) MIN.=4.5V  MAX.=5.5V 


Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units _ 


Vcc = MIN., loy = —800nA 
Vou Output HIGH Voltage aed eH 
VIN = VIH OF VIL 
Vec =MIN., lo, =16mA 
VOL Output LOW Voltage ce OL 
VIN = Vin oF VIE 
Vin Input HIGH Level Guaranteed input logical HIGH voltage 
for all inputs 


Input LOW Level Guaranteed input logical LOW voltage 
for all inputs 


Input Clamp Voltage Vec =MIN., tin = —12MA 
Nie Unit Load = MAX.. Vin = 0.4V 
Input LOW Current vec Ae NIN Gs 


Unit Load = =9 
Input HIGH Current ViGe Mie MIN 2AM 


Input HIGH Current Veo = MAX., Vin = 5.5 i na Re El 
Output Short Circuit Current Vec = MAX., Vout = 0.0V 


Am54/74194 (Note 5) 
Voc = MAX. 
Am54/74195 (Note 6) 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Outputs open. Inputs A, B, C, D grounded. Inputs Sg, Sq, Clear, L, R, at 4.5V. Measured after a momentary ground, then 4.5V applied to clock. 
. Outputs open. S/L grounded. A, B, C, D, J, K at 4.5 V. Measured after applying a momentary ground then 4.5¥V to the clear followed by ground 
then 4.5¥V to clock, 


Power Supply Current 


Notes: 


PARON> 


Switching Characteristics (T~ = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


| 194 | 
Clock to Output 
[ eenkeome a 


Clock to Output 
Clear to Output 


tow Clock Pulse Width 
tow Clear Pulse Width 


Vcc = 5.0V, C, = 15pF, RL = 4002 


Mode Control Set-up Time 


Data Input Set-up Time 


Clear Recovery {in-active) to Clock 
Set-up Time 
Data Hold Time 


Shift/Load Release-Time 
Am54/74195 


fMAX. Maximum Clock Frequency — 


DEFINITION OF FUNCTIONAL TERMS 

J, K The logic inputs use for Controlling the O, flip-flop 
of the Am54/74195 register when S/L is HIGH. 

CLR Clear. The asynchronous master reset input. 


CP Clock pulse for the register. Enters data on the LOW- 
to-HIGH transition. 


S/L Shift/Load. The input for selection of parallel or 
serial shifting for the Am54/74195 register. S/L LOW 
selects parallel entry. 


Sg, $1 The mode select inputs of the Am54/74194. 
A,B,C, D The four parallel data inputs for the register. 


R_ The serial input to the Qa flip-flop of the Am54/74194 
in the right shift mode. 


L The serial input to the Op flip-flop of the Am54/74194 
in the left shift mode. 


‘Qa, QB, Qc, Qp The four true outputs of the register. 


Qp The complement output of the Op flip-flop. (Am54/ 
74195 only). 


Am54/74194 


Left Right} A B C D |Qa Qg Qc Ap 


H = HIGH X = Don’t Care 

L=LOW NC = No Change 

t = LOW-to-HIGH transition. 

Dj = May be a HIGH or a LOW and the respective output will assume the 
same state. 


LOADING RULES (In Unit Loads) 


Am54/ Am54/ 
74195 74194 Input 
Input/Output Input/Output Pin No.’s Unit Load HIGH 


CLR 1 1 - 
1 oes 
1 fe 


Fan-out 
Output Output 
LOW 


Shift/Load 


O}0O/ DIN OD! ] PR] WI] ny 


_ 


Master | Shift/ | Seria “| 
x xfe bk bb oH 
xX L X X NC NC NC NC NC 
x H xX X NC 
L t xX xX 
H t L oH 
H t ae 
H t H H 
H t HL 
H = HIGH X = Don’t Care 
L=LOW NC = No Change 


t = LOW-to-HIGH transition. . 
Dj = May be a HIGH or a LOW and the respective output will assume the 
same state. 
Note 1: (f the J and K inputs are tied together, the common fine becomes a 
0-Type input to the first bit in the shift mode. 
2: Linear feedback shift counters can be made by connecting the Qp and 
Qp outputs to the K and J inputs, respectively. . 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


UNIT LOAD 
4kQ NOM. 


Note: Actual current flow direction shown. 
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APPLICATIONS 


HIGH-SPEED MOD 15 LINEAR FEEDBACK SHIFT REGISTER 


Sequence is 0, 1, 2, 5, 10, 4, 9, 3, 6, 13, 11, 7, 14, 12, 8, 0 (15 is non-self correcting; use clear to initialize) 


12-BIT SHIFT-LEFT, SHIFT-RIGHT, PARALLEL-LOAD REGISTER 


|_| iro" 
saree 


Ao Ai 
aa sf A B ¢ D i 50 
S1 Am54/74194 s 


Am54/74194 Am54/74194 


1 
cP 
Cc 


cP P 
cir Gq Gg Ac AD tn Qa Og Oc Ap ctr Qa Qg Qc AD 


Bo 8; Bz 83 Ba Bs Be B7 Bg Bg Bio B14 


Metallization and Pad Layouts 
Am54/74194 Am54/74195 


DIE SIZE 0.069’ X 0.091" DIE SIZE 0.069” X 0.091°" 


DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


f max The highest operating clock frequency. 


tPLH 


tPHL 


The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 

Pulse width. The time between the leading and trailing 
edges of a pulse. 

Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 


Fall time. The time required for a signal to change from 90% 
. A 

to 10% of its measured values. 

Set-up time. The time interval for which a signal must be 

applied and maintained at one input terminal before an 

active transition occurs at another input terminal. 

Hold time. The time interval for which a signal must be 

retained at one input after an active transition occurs at 

another input terminal. 

Release time. The time interval for which a signal may 

be indeterminant at one input terminal before an active 

transition occurs at another input terminal. (The release time 

falls within the set-up time interval and is specified by some 

.manufacturers as a negative hold time). 


UNIT LOAD DEFINITIONS 
HIGH LOW 


Measure Measure 


SERIES Current Voltage Current 
Am25/26/2700 40yA 2.4V —1.6mA 


Am25S/26S/27S 60uA  2.7V | —2.0mA 
Am25L/26L/27L 20uA -2.4V | —0.4mA 
Am25LS/26LS/27LS | 20nA  2.7V | —0.36mA 
Am54/74 40uA-2.4V. | —1.6mA 
54H/74H 50uA  2.4V | —2.0mA 
Am54S/74S 50ywA—o2.7V. | —2.0mA 


54L/74L 
(Note 1) 


54L/74L 
(Note 1) 


Am54LS/74LS 20nA 2.7V —0.36mA 
Am9300 40uA 2.4V —1.6mA 
Am93L00 20 nA 2.4V —0.4mA 
Am93S00 50 pA 2.7V —2.0mMA 
Am75/85 40nA 2.4V —1,.6mA 
Am8200 40nA 4.5V —1.6mA 


20pA 2.4V | —0.8mA 


10pA 24V | —0.18mA 


Voltage 
0.4V 


0.5V 
0.3V 
0.4V 
0.4V 
0.4V 
0.5V 


0.4V 


0.3V 


0.4V 
0.4V 
0.3V 
0.5V 
0.4V 
0.4V 


Note: 1. 54L/74L has two different types of standard inputs. 


PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES 


TIMING 


INPUT TRANSITION — 


OUTPUT 


(INPUT 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY 


SAME PHASE 


OPPOSITE PHASE __ 


INPUT TRANSITION 


Notes: 1. Pulse Generator for All Pulses: 


LOAD TEST CIRCUIT 


TEST 
POINT Vcc 


FROM OUTPUT 
UNDER TEST 


ALL DIODES 
1N916 OR 
1N3064 


C_ INCLUDES 
PROBE AND JIG 
CAPACITANCE 


PULSE WIDTH 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


Rate < 1.0MHz; Z, = 502; t, < 10ns; tz < 10ns. 


INPUT/OUTPUT VOLTAGE 
INTERFACE CONDITIONS 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
{High level) VOLTAGE 


Vito 
aa 
TOW OUTRUT Sete Ree MAXIMUM LOGIC 
¥ ‘cs "LOW" INPUT 
VOLTAGE Rireterete L 
VOLTAGE 


” 
& 
a 
° 
> 
1 
“” 
a 
ie) 
> 
au 
a 
lu 
Oo 
< 
FB 
a 
oO 
> 
b 
> 
a 
2 
= 
Ee 
2 
a 
= 
2 
oO 


NOISE 
IMMUNITY 
{Low tevel} 


DRIVING DEVICE ORIVEN DEVICE 


ORIVING DRIVEN 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure current. 


DEFINITION OF STANDARD TERMS 
H HIGH, applying to a HIGH voltage level. \ 
L LOW, applying to a LOW voltage level. 
{ Input. 

O Output. 
Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 


ty LOW-level input current with a specified LOW-level 
voltage applied. 


Iy4 HIGH-level input current with a specified HIGH-level 
voltage applied. 


Io, LOW-level output current. 
lo HIGH-level output current. 
Isc Output short-circuit source current. 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Vii Logic LOW input voltage. 

Vin, Logic HIGH input voltage. 

Vo, LOW-level output voltage with Io, applied. 
Von HIGH-level output voltage with Igy applied. 


PHYSICAL DIMENSIONS 


Ceramic 


1 8 
2 cop 


ae a C] 
065 | [. 023 bs 
045 OS 


20 
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.300 
(OUTSIDE) 


sea 
7 ae: 
ad 


am, 
EP ak 


ay a 
: Flat Packa 


Dual-In-Line : 


Molded 
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TELEX: 34-6306 
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Am25S05 


Four-Bit by Two-Bit 2’s Complement Multiplier 


Distinctive Characteristics 

» Provides 2’s complement multiplication at high speed 
without correction. LOW (negative logic) representations. 

» Can be used in a combinatorial array or in a time @ Reduced input loading as compared to Am2505. 
sequenced mode. @ 100% reliability assurance testing in compliance with 

» Multiplies two 12-bit signed numbers in typically MIL-STD-883. 
115ns. 


@ Multiplies in active HIGH (positive logic) or active 


LOGIC SYMBOLS 


FUNCTIONAL DESCRIPTION:. 


The Am25S05 is a high-speed digital multiplier that can multiply numbers represented 
in the 2's complement notation and produce a 2's complement product without 
correction. The device consists of a 4x2 multiplier that can be connected to form 
iterative arrays able to multiply numbers either directly, or in a time sequenced 


arrangement. The device assumes that the most significant digit in a word carries a 
negative weight, and can therefore be used in arrays where the multiplicand and 
multiplier have different word lengths. The multiplier uses the quaternary algorithm 
and performs the function S = XY + K where K is the input field used to add partial 
products generated in the array. At the beginning of the array the K inputs. are avail- 


ACTIVE LOW 
765 4 3 1 19 18 17 16 


X71 XQ X12 X3x4 kg Ky kQ kg 


ACTIVE HIGH 
76 5 4 3 1 #19 18 17 16 


X-1 XQ XFXQ XZ x4 kQ ky KZ kg 


Paar : Y-1 

able to adda signed constant to the least significant part of the product. Multiplication prs eae 
: ‘ f 2 ‘ x 
of an m bit number by an n bit ‘number in an array results in a Lae having m+n 2's COMPLEMENT 2s COMPLEMENT 
bits so that all possible combinations of product are accounted for. Ifa conventional MULTIPLIER Cn+4fO MULTIPLIER Cosa 
2's complement product is required the most significant bit can be ignored, and Pp 2 
overflow conditions can be detected by comparing the last two product digits. So _S; Sz 53 S4 $5 Sy; $2 83 Sq Ss 
oI o RG ¢ No a 0 me 


A number of connection schemes are possible. Figure 1 shows the connection scheme 
that results in the fastest multiply. If higher speed is required an array can be split 
into several parts, and the parts added with high-speed !ook-ahead carry adders. 


Provision is made in the design for multiplication in the active high (positive togic) 
or active low (negative logic) representations simply by reinterpreting the active level 
of the input operands, the product, and a polarity control P. For a more complete 
description and applications the user is referred to the Am2505 Application Note. Vec = Pin 24 


GND = Pin 12 


LOGIC DIAGRAM 


el Es are 
2 a 


ul 


CONNECTION DIAGRAM 


Am25S05 ORDERING INFORMATION 


Top View 
Voc v1 ¥o ¥1 P kg ky kz kg Sg Sq Cha 
Package Temperature Order 
Type Range Number 24 23 22 21 2019 18 17 16 15 14 13 
Molded DIP 0°C to +75°C AM25S05PC 
Hermetic DIP O°C to +75°C AM25S05DC 
Dice O°C to +75°C AM25S05XC Am25S05 
Hermetic DIP -5B°C to +125°C AM25S0SDM 
Hermetic Flat Pak -55°C to +128°C. AM25S05FM 
Dice AM25S05XM 


—55°C to +125°C 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 


Temperature (Ambient) Under Bias -65°C to,+125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous -0.5V to +7V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vcc max. 
DC Input Voltage -0.5V to +5.5V 
Output Current, Into Outputs 30 mA 


DC Input Current -30 mA to +5 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S05XC, DC, PC TaA= 0°C to +75°C Vcc = 4.75 V to 5.25 V 
Am25S05XM, DM Ta= —55°C to +125°C Vcc = 4.50 V to 5.50 V 
Am25S05FM Tc = —55°C to +125°C Vcc = 4.50 V to 5.50 V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Vec = MIN., Io =-1.0mA 
VIN = Vin oF VEIL 


Vec =MIN., lot = 20mA 
Vin = Vin or Vit 


VoH Output HIGH Voltage 


VoL Output LOW Voltage 


Guaranteed input logical HIGH 


I 
VIH INpHE HORE! voltage for all inputs 


— 
VIL Input LOW Level 


Guaranteed input logical LOW 
voltage for al! inputs 


Unit Load 


ItE (Note 2) Input LOW Current 


Vcc = MAX., Vij = 0.5V 


Unit Load 
Typ (Note 2) Input HIGH Current 


Input HIGH Current Vcc = MAX., Vin = 5.5V 


Vcc = MAX., Vin = 2.7V 


Output Short Circuit Current 


Power Supply Current 


Am25S05XM Vec = MAX., y1 = 0V 


Power Supply Current 


Am25S05 XC Vcc = MAX., y 1=0V 


Note 1. Typical Limits are at Vcc = 5.0V, 25°C Ambient and maximum loading. 
Note 2. Actual input currents are obtained by multiplying unit load current by the input load factor. (See loading rules) 


Switching Characteristics (Vcc = 5V, Ta = 25°C, CL = 15 pF) 


Parameters From (input) To (Output) Test Conditions Min. Typ. Max. Units 
tPLH c Cc 4 8 12 ns 
tPHL " ane 4 9 14 
tPLH c s 6 12 18 ae 
tPHL a ad 5 10 15 
tPLH Cc Ss 7 15 22 

4,5 ns 
PHL i 6 13 20 
tPLH Any k Ch+4 3 6.5 9 ns 
tpHL 5 10 15 
'PLH An 6 13.5 20 
yk $0.1 ns 
tPHL rh2s 4 9.5 14 
haa Any k S45 3 15.5 23 ns 
ony See Test Table ; ee - 
Any x Ch+ “ns 
PHL 1 nes 9 18 27 } 
tPLH re S 21 32 
yx 0,1,2,3 ns 
tPpHL 21 32 
‘PLH Any x S45 23.5 35 ns 
tPHL | 21.5 32 
tPLH Any y Gna 23 34 ne 
lee aL: zl 20 30 
tPLH Any Soe 23 34 ne 
tPHL me 23 34 
teLy Any ie 25 37 ns 
tPHL . 25 37 


SWITCHING TIME TEST TABLE 


Cy+4, $0123, $45 


Cy+4, $0123, $45 

Cy+4, $123, S45 

Cy+4, $23, S45 
$3 


S45 


Cy+4, $0123, $45 
Cny+4, $0123, $45 
Cy+4, $123, S45 
Cy+4, $123, S45 

$3 

S45 © 

$45 


Cy+4, $0123, S45 
Cy+4, $0123, $45 
Cy+4, $0123, S45 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used with Vcc 
to indicate high Vc¢c value. 

| Input. 

L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 

O- Output. 


FUNCTIONAL TERMS 

C, The carry input to the high-speed adder. , 

C,+4 The carry output from the high-speed adder. 

k; The constant field used for accumulating partial products. 
i=0, 1, 2, 3. At the beginning of the array the K field can be used 


to add a 2’s complement number to the least significant half of 


the double length product. 

P The polarity control input. This input must be at a low-logic 
level for numbers in the active high logic representation, and held 
high for numbers in the active low logic representation. 

§; The product outputs. i=0, 1, 2, 3, 4, 5. 

xj The multiplicand inputs. i=~1,0,1,2,3,4. At the first column 


P, Y-4, 1, AlN X 


P, Y¥.1, ¥4, All X 
P,Y_1, Y4, AIX 
P, Y-1, ¥1, AUX 
P, Y_1, Y4, AIX 
P, Y_1, Y4, All X, Cy 


P, Y3, Allk 

P, Y_1, ¥4, Allk 

P, Y_4, Y4, Allk 

P, Y_1, 4, All k 

P, Y_4, Y4, All k 

P, Y.1, ¥4, Allk, Cy 
P, Y4, All k, Cry 


P, X4, X92, X3, X4, Atl k 
P, X4, X, X3, Xq, All k 
Xo, X41, X2, X3, X4, All k 


of the array x_4 must be held at logic ‘0’, and at the last column 
of the array x4 is connected to x3. 


y; The multiplier inputs. i = —-1, 0, 1. 
At the first row of the array y_4 must be held at logic ‘0’. 


OPERATIONAL TERMS: 

1, Forward input load current. 

lou Output HIGH current, forced out of output in Voy; test. 
lo, Output LOW current, forced into the output in Vo_ test. 
icc The current drawn by the device from Vec power supply 
with input and output terminals open. 

Ij Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. 

Vit Maximum logic LOW input voltage. 

Vin Input voltage applied in ly, Iyp4 tests. 


Von Minimum logic HIGH output voltage with output HIGH 
current I9y flowing out of output. 


~Vo_ Maximum logic LOW output voltage with output LOW 


current Io, flowing into output. 3-3 


MSI INTERFACING RULES Am25S05 LOADING RULES IN UNIT LOADS 


Input 
Unit Load Fanout 


Input Input Output Output 
Input/Output Pin No.’s HIGH LOW HIGH LOW 


0.2 0.2 - 
0.2 0.2 - 
0.2 0.2 
0.4 0.4 
0.4 0.4 
0.4 0.4 
0.2 0.2 


Equivalent 
Input Unit Load 
HIGH LOW 


Advanced Micro Devices 54/7400 Series 1.25 1.25 
Advanced Micro Devices 9300/2500 Series 1.25 1.25 
FSC Series 9300 1.25 1.25 
TI Series 54/7400 1.25 1.25 
Signetics Series 8200 2.5 2.5 

National Series DM 75/85 1.25 1.25 
DTL Series 930 15 1.25 


Interfacing. 
Digital Family 


©) OPN] OD] Oo) BB) ©) YO] = 


“ 
oOo 


= 
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OPERATION TABLE 


Y Multiplier Operation 
Y-1 Yo Y X Multiplicand 


- 4 


= 
nN 


= 
w& 


-_= 
ay 


=—f =| = 
“N}) OO) Oo 


= 
ive) 


NOILN] = 
-) O);)0 


Active Low Inputs and Outputs 
‘1’ = Low, ‘0’ = High, P = High 
Active High Inputs and Outputs 
‘1’ = High, ‘0’ = Low, P = Low 


N 
nN 


nN 
w& 


24 - 


A Schottky TTL Unit Load is defined as 50uA at 2.7V at the HIGH 
Logic Level and —2.0 mA at 0.5 V at the LOW Logic Level. 


USER NOTES 


1. 


representation 


Arithmetic in the multiplier is performed in the 2’s com- 
plement notation, which requires a carry in at the first 

stage. This is accomplished by connecting the yj 

multiplier bit to the appropriate carry input terminal 

i=1,3,5... 


. The multiplier can perform multiplication in either the 


active high (positive logic) or active low (negative logic) 
representations by reinterpreting the active logic level 


and by grounding or leaving the polarity control pin P 
open Circuit respectively. 


. Multiplication can be performed in number representa- 


tions other than 2’s complement by either correcting 
the 2's complement product or adding in a correction at 
the beginning of the multiplication at the K inputs. 2’s 
complement numbers are represented as: X2=x-x,29-1, 


Number 
Correction 


2's complement None 
1’s complement Add xsY2 + ysX2 + XsYs at k inputs 
Unsigned 
(magnitude) Extend multiplier and multiplicand 
one bit at the least significant end. 
Form xoYg + YoX + Xoy with con- 
ditional adder and add to array shifted 
two places up at k inputs. Force 
Ks, Ys, Xs = 0. 


Sign magnitude x, =0, y,= 0 None 
Xs= 1, ¥s=O Form [(XY)o + 2°~1y] 
xs =0, ys= 1 Form [(XY)o + 2n-1x] 
Xs=1,¥s=1 Add 2n-1(x + y)— 22n-2 


. For the highest speed array with the multipliers arranged 


in a parallelogram structure carries between certain mul- 
tipliers are exchanged with the y carry-ins needed for 
2’s complement subtract. The delays in the array are 
then equalized as best possible as shown in Figure 1. 


. For higher speed multiplication the array can be split 


into several parts that can be added together with high- 
speed adders. 


. Rounding off to a single length product can be achieved 


by adding a ‘1’ to the array at the most significant 
positive k input of the array, ignoring the most signifi- 
cant product digit, and using the remainder of the most 
significant part of the product. 


. Truncation of a product without round off enables some 


of the multipliers in the array to be removed. 


APPLICATION 


ie X2 Kg Kg x Ka Kg X Xo Kg Kio 
X1 | X3 Ky | Kg Xs | X7 Ks | Kz. Xg [X19 Kg |Kyq 


py ea a 


SS 


xh x 
v4 
Yo Amp5S05 
y he 2 
qr 's COMPLEMENT 

c, MULTIPLIER cmt Ys—4 

Ol? 

: : we Sie 


Gin =| 


\\\| 
AF 
eye 


its we 


—— 
i= itl =H hie 


mi 


a A =e =e 
| Lj AA 


Aig | Ate ae. Azo | 422 
Ais) At7 Aig Ay Aag 


Critical speed carries between columns have been interchanged with 2’s complement carry-ins Y5, Y7, Yo, 
Y11 for highest speed. 


Figure 1. High Speed 12x12 2’s Complement Multiplication 


CONNECTION SCHEMES 


PARALLELOGRAM 


CARRIES STAY 
IN SAME ROW 


2 


PARALLELOGRAM 
CARRIES FROM 
LOWER ORDER 
MULTIPLIERS SKIP 


WHERE POSSIBLE 


3 


SPLIT INTO 


ARE ADDED WITH 
HIGH-SPEED 


Hermetic 


TO ALTERNATE ROWS 


TWO PARTS WHICH 


CARRY LOOKAHEAD ADDER 


TYPICAL MULTIPLICATION TIMES 


Total 
Multiplication 
Time (ns) 


Package Count 


Am25S05 Am54S/74S181 


K 


= A 
Pe} Amass0s Yo rvorN7 
XK = (x_4 x9 X41 %2 xg) 2 


HIGH-SPEED SCHOTTKY 
CARRY LOOKAHEAD ADDER 


Fig. 2 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


CORI 


070 
4 be 0 030 


i} 
923 
le ois 
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ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


DIE SIZE 0.095” x 0.110" 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 12—3 


Am25S07-Am25S08 


Hex/Quad Parallel D Registers With Register Enable 


Distinctive Characteristics 


@ 4-bit and 6-bit high-speed parallel registers 
@® Common clock and common enable 


® Positive edge triggered D flip-flops 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am25S07 is a 6-bit, high-speed Schottky register with 
a buffered common register enable. The Am25S08 is a 4-bit 
register with a buffered common register enable. The de- 
vices are similiar to the Am54S/74S174 and Am54S/74S175 
but feature the common register enable rather than 


Am25S07 
common clear. 6-B1T REGISTER 


LOGIC SYMBOLS 


Am25S07 Am25S08 


—€ Oo O01 O02 03 Do Dy D2 


agit REGISTER 
Both registers will find application in digital systems where Q 9 
information is associated with a logic gating signal. When ? ? 
the enable is LOW, data on the D inputs is stored in the oe a ae poe 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re- 
gardless of the clock or data input transitions. 


Qo _Q;_ Q2_ 03 ‘0 1 


Vcc = Pin 16 
GND = Pin8 


LOGIC DIAGRAMS 


Am25S07 


O 
cp ) 


ORDERING INFORMATION CONNECTION DIAGRAMS 


Top Views 


Am25S07 Am25S08 


Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak” 
Dice 


Temperature 
Range 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Am25S07 
Order 
Number 


AM25S07PC 

AM25S807 DC 
AM25S07 XC 
AM25S07DM 
AM25S07FM 
AM25S07XM 


Am25S08 
Order 
Number 


AM25S08PC 

AM25S08DC 
AM25S08XC 
AM25S08DM 
AM25S08FM 
AM25S08XM 


Ds 


3 
a 
7) 


Note: Pin 1 is marked for orientation. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous , -~0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S807XC, Am25S08XC Ta = 0°C to +70°C Vec = 5.0V +5% (COM'L) MIN, = 4.75V MAX. = 5,25V 
Am25S07XM, Am25S08XM Tp = —55°C to +125°C Vec 2 5.0V £10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters ’ Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


Veco =MIN., 1 =-imA XC 
Vou Output HIGH Voltage ce on =—tmA | xC_| 
Vin = Vin oF VIL 
Vcc =MIN., ! =20mA 
VoL Output LOW Voltage ce OL = 
VIN = ViH oF ViL 
Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
vi 


Input LOW Level Guaranteed input logical LOW 
voltage for al! inputs 
Lv Input Clamp Voltage 
Nie Unit Load 
(Note 3) Input LOW Current 
Ts | Unit Load 
(Note 3) Input HIGH Current 


Input HIGH Current 
Output Short Circuit Current (Note 4) 


Power Supply Current 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrica! Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 


Notes: 


QhWN= 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions _ Min. Typ. Max. Units 


Glock to Output 


tPHL Clock to Output 
tow Clock Pulse Width 


Voc = 5.0 V, Cr = 15 pF, Rp = 2802 


7 


Am25S07 LOADING RULES 
(In STTL Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


E 1 1 - - 
Qo - 20 

Do 1 - 

Dy 1 


Am25S08 LOADING RULES 
(In STTL Unit Loads) 


Fan-out 
Input Output Output 


Input/Output Pin No.’s Unit Load HIGH LOW 


E 1 1 ~ - 
Qo _ 20 

Qo ~ 20 

Do 1 


Qy 
D2 
Qo 


1 


O}/ On] OM] or} B!] Ww] dD 


cP 1 


OO}; Orn! OD! or; Bi W] hy 


Q3 - 
D3 1 


- 
oO 


= 
= 


Q4 - 
D4 


Ds 
Q5 


Vcc 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS 

Dj The D flip-flop data inputs. 

E Enable. When the enable is LOW, data on the Dj inputs is 
transferred to the Qj outputs on the LOW-to-HIGH clock 
transition, When the enable is HIGH, the Qj; outputs do not 
‘ change regardless of the data or clock input transitions. 

CP Clock Pulse for the register. Enters data on the LOW-to- 
HIGH transition. 

Qj; The TRUE register outputs. 

Q; The complement register outputs 


FUNCTION TABLE 


H = HIGH NC = No Change 
L =LOW X = Don't Care 
t = LOW-to-HIGH Transition 

Oj on Am25S808 Only 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


‘DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
> 2.8k2 NOM 


Note: Actual current flow direction shown. 


APPLICATIONS 


INPUT 
DATA BUS 


SELECT 


Am548/74S139 


Y2 


Selective Register Loading of Data on Synchronous Clock. 


Pad Layout 


k 


ats 2F “ 


Eee 


DIE SIZE 0.085” X 0.081” 


DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


f max The highest operating clock frequency. 


tPLH 


tPHL 


The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

The propagation delay time from an input change to an 
output H!tGH-to-LOW transition. 

Pulse width. The time between the leading and trailing 
edges of a pulse. 

Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 

Fall time. The time required for a signal to change from 90% 
to 10% of its measured vaiues. 

Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 

Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 

Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 


UNIT LOAD DEFINITIONS 


HIGH LOW 
Measure Measure 
SERIES Current Voltage Current Voltage 


Am25/26/2700 40uA 2.4V —1.6mA 0.4V 
Am25S/26S/27S 50puA 2.7V —2.0mA 0.5V 
Am25L/26L/27L 20uA “2.4V —0.4mA 0.3V 
Am25LS/26LS/27LS 20nA 2.7V —0.36mA 0.4V 
Am54/74 40 yA 24V —1.6mA 0.4V 
54H/74H 50uA 2.4V —2.0mMA 0.4V 
Am54S/74S 50pA 2.7V “—2.0mA 0.5V 


54L/74L 
(Note 1) 


54L/74L 
(Note 1) 


Am54LS/74LS 20uA 2.7V —0.36mA 0.4V 
Am9300 40uA 2.4V —1.6mA 0.4V 
Am93L00 20uA 2.4V —0.4mA 0.3V 
Am93S00 50puA 2.7V —2.0mA 0.5V 
Am75/85 40pA 2.4V —1.6mA 0.4V 
Am8200 40yA 4.5V —1.6mA 0.4V 


20uA 2.4V —0.8mA 0.4V 


10uA 24V ~—0.18MA 0.3V 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 


FOR STANDARD ACTIVE- 


SET-UP, HOLD, AND RELEASE TIMES 


TIMING 
INPUT 


3V 
ASV 


ov 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don‘t care condition. 


PROPAGATION DELAY 


SAME PHASE 


INPUT TRANSITION — 


OUTPUT 


OPPOSITE PHASE __ 


INPUT TRANSITION 


Note: 1. Pulse Generator for All Pulses: 


PULLUP TOTEM-POLE OUTPUTS 


LOAD TEST CIRCUIT 


FROM OUTPUT 
UNDER TEST 


ALL DIODES 
1N916 OR 
1N3064 

Cy INCLUDES 

PROBE AND JIG 

CAPACITANCE 


PULSE WIDTH 


LOW-HIGH-LOW___ 
PULSE 


HIGH-LOW-HIGH 
PULSE 


Rate < 1.0MHz; Zg = 502, t, < 2.5ns; te < 2.5ns. 


SCHOTTKY INPUT/OUTPUT 
VOLTAGE INTERFACE CONDITIONS 


DRIVING DEVICE DRIVEN DEVICE 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM.LOGIC 
“HIGH” INPUT 
VOLTAGE 


IMMUNITY 
(HIGH LEVEL) 


Vito 


MAXIMUM LOGIC 
“LOW INPUT 
VOLTAGE 


MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


Ww 
id 
a 
° 
> 
\ 
“ 
a 
uw 
> 
wu 
pa) 
w 
Q 
< 
F 
a 
fe) 
> 
-b 
i] 
a 
z 
= 
Ec 
> 
a 
= 
> 
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IMMUNITY 
{LOW LEVEL) 


DRIVING 
SCHOTTKY 
DEVICE 


DRIVEN 
SCHOTTKY 
DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


DEFINITION OF STANDARD TERMS 


H HIGH, applying to a HIGH voltage level. 

L LOW, applying to a LOW voltage level. 

1 Input. 

O Output. 

Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 


I, LOW-level 
voltage applied. 


input current with a specified LOW-level 


fy HIGH-level input current with a specified HIGH-level 
voltage applied. 


Jo. LOW-level output current. 
lou HIGH-level output current. 
Isc Output short-circuit source current. | 


Icc The supply current drawn by the device from the Vcc | 
power supply. : 


Vit Logic LOW input voltage. 

Vin Logic HIGH input voltage. - 

VoL LOW-level output voltage with lo: applied. 
Von HIGH-level output voltage with Igy applied. 


PHYSICAL DIMENSIONS 


Molded 


Pu Pea 
oes _| le oa || 
046 a 
.785 
i 755 7 
015 
MIN, SEATING 


pe PLANE 


Dual-In-Line 


Ceramic 
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Am25S09 


Quad Two-Input, High-Speed Register 


Distinctive Characteristics 
® Four-bit register accepts data from one of two 4bit @ 100% reliability assurance testing in compliance with 
input fields. MIL-STD-883. 


@ Edge triggered clock action © Electrically tested and optically inspected dice for 
@ High-speed Schottky technology. the assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am25S09 is a dual port high-speed, four-bit register 
using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four D 
flip-flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four Am25S09 

inputs selected by the S line is stored in the four flip-flops 

at the clock LOW-to-HIGH transition. When the S input is Q2 
LOW, the DjA input data will be stored in the register. 

When the S input is HIGH, the Djg input data will be 

stored in the register. 


Don Dog Dia 018 D2A D2B Daa Dag 


Vec = Pin 16 
GND = Pin8 


LOGIC DIAGRAM 


CONNECTION DIAGRAM 
Top View 


ORDERING INFORMATION 


Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature Order 


Range 


0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
-55°C to +125°C 
-§5°C to +125°C 
~55°C to +125°C 


Number 
AM25S09PC 


* AM25S09DC 


AM25S09XC 
AM25S09DM 
AM25S09FM 
AM25S09XM 


D3q 038 D2B D2A 


13° (12 


Am25S09 


Q9 Dox Dop Dig 271A Qs GND 


Note: Pin 1 is marked for orientation 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias . —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC VoItage Applied to Outputs for High Output State ; —0.5 V to +Vecq max. 
DC [Input Voltage | —0.5V to +5.5V 
DC Output Current! Into Outputs 30mA 


DC Input Current ~ —30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S09 XC Ta =0°C to +70°C Vec = 5.0V 45% (COM’L) MIN. = 4.75V MAX, = 5.25V 
Am25S09XM Ta = —55°C to +125°C Voc = 5.0V + 10% (MIL) MIN, = 4.5V MAX, = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Output HIGH Volt meee MUMS OR enti be CONE ee 
utpu age 
Vcc =MIN., lo, = 20.0mA 
¢ IN = VIH OF VIL 
Vv Input HIGH Level Guaranteed input logicat HIGH 
1H voltage for all inputs 
Vv Input LOW Level Guaranteed input logical LOW 
IL voltage for all inputs 


UT) Unit Load 
Input HIGH Current Vec = MAX., Vin = 2.7V 


Input HIGH Current Vec = MAX., Vin =5.5V 


Output Short Circuit Current 
Power Supply Current 


Notes: 


Input Clamp Voltage Vec = MIN., ly = —18MA 


ine Unit Load . 7 
Input LOW Current Vcc = MAX., Vin = 0.5V — 


Vcc = MAX. (Note 5) 


For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Measured wit’ Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 


GT PON= 


t 


8 


Switching Characteristics (Ta = +25°C) . 
Parameters . Description Test Conditions Min. Typ. Max. Units 


Clock to Q HIGH 
Clock to Q LOW 
Clock Pulse Width 


ts Select Input Set-up Time 
th Data Hold Time 
Select Input Hold Time __ 


FUNCTION TABLE 


sae oe DATA | INPUTS ae 
DiA Dig 


H = HIGH Voltage Level L = LOW Voltage Level! 
X = Don’t Care i =0,1,2,or3 
t = LOW-to-HIGH Transition 


DEFINITION OF FUNCTIONAL TERMS 


Dov, D14, D24,D3A The “A” word into the two-input 
multiplexer of the D flip-flops. 

Dos. Dip, D2B, D3R The “B” word into the two-input 
multiplexer of the D flip-flops. 

Qo, Q1, Q2,Q3 The outputs of the four D-type flip-flops of 
the register. 

S Select. When the select is LOW, the A word is applied to 


the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 


CP Clock Pulse. Clock pulse for the register. Enters data on 
the LOW-to-HIGH transition of the clock line. 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


20 


= 


OO! sn] oO] om] &] Ww] DY 


a ee ey 
Hi wi nt -| oO 
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A Schottky TTL Unit Load is defined as 50 pA measured at 2.7V 
HIGH and —2.0mA measured at 0.5 V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2. NOM 


Note: Actual current flow direction shown 


3-15 


LOAD/RECIRCULATE 
STATIC TEST/OPERATE 


APPLICATIONS 


256 x 4 DYNAMIC 
SHIFT REGISTER 


Am25S09 used in 258x 4 memory system with load/recirculate control, and 1x4 static test capability for the system. MOS interface is one 
load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single step operation for testing 


purposes. 


WORDA 


——————__ 


Am25S09 


a2 a3 


Am25S09 


a2 


Am25S09 


ay Q2 


WORD 3 


Am25S09 used to store a word from either data bus A or data bus B. 


_Metallization and Pad Layout 


DIE SIZE 0.085” X 0.081” 


DEFINITION OF SWITCHING TERMS . UNIT LOAD DEFINITIONS 
(All switching times are measured at the 1.5V logic level unless HIGH Low 


otherwise noted.) Measure Measure 


fmax The highest operating clock frequency. SERIES Current Voltage Current Voltage 
tp_H The propagation delay time from an input change to an out- Am25/26/2700 
put LOW-to-HIGH transition. 
tpy_ The propagation delay time from an input change to an aman 2esie 18 
output HIGH-to-LOW transition. Am25L/26L/27L 
Pulse width. The time between the leading and trailing Am25LS/26LS/27LS 
edges of a pulse. 
Rise time. The time required for a signal to change from 10% Am84/74 
to 90% of its measured values. : 54H/74H 50uA 2.4V —2.0mA 0.4V 
Il time. The time requir rasignal to change from 90% Se 
be eae: x aan ale Serna ee, i moe Am54S/74S 50uA 2.7V | -2.0mA 0.5V 
Set-up time. The time interval for which a signal must be 54L/74L. 20 uA 24V ~0.8mA 0.4V 
applied and maintained at one input terminal before an (Note 1) ‘ 
active transition occurs at another input terminal. 54L/74L 
Hold time. The time interval for which a signal must be (Note 1) 


retained at one input after an active transition occurs at 
another input terminal. Am54LS/74LS 20yuA 2.7V —0.36mA 0.4V 


Release time. The time interval for which a signal may Am9300 40pA 24vV —1.6MmA 0.4V 
be indeterminant at one input terminal before an active ] ; 


transition occurs at another input terminal. (The release time Am93L00 20uA 2.4V —0.4mA 0.3V 
falls within the set-up time interval and is specified by some Am93S00 50nA 2.7V —2.0mA 0.5V 
manufacturers as a negative hold time). 

Am75/85 40uA 2.4V —1.6mA 0.4V 


Am8200_. 40yA 4.5V —1.6mMA 0.4V 


10uA 2.4V ~0.18MA 0.3V 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES LOAD TEST CIRCUIT 


TEST 
POINT 


FROM OUTPUT 


UNDER TEST 
TIMING 


INPUT 


ALL DIODES 
1N916 OR 
1N3064 


CL INCLUDES 
PROBE AND JIG 
CAPACITANCE 


Notes: 1. Diagram shown for H!GH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY PULSE WIDTH 


SAME PHASE ms LOW-HIGH-LOW 
INPUT TRANSITION ‘ PULSE 


HIGH-LOW-HIGH 


OUTPUT PULSE 


OPPOSITE PHASE __ 
INPUT TRANSITION 


Notes: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 5022; t, < 2.5ns; te < 2.5ns. 


SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS ~ | H HIGH, applying to a HIGH voltage level. 


‘L LOW, applying to a LOW voltage level. 


| Input. 
ORIVING DEVICE DRIVEN DEVICE 
MINIMUM LOGIC O Output. 
“HIGH” OUTPUT . . - 
VOLTAGE Negative Current Current flowing out of the device. 


cow". Positive Current Current flowing into the device. 
Ij. LOW-level input current with a specified LOW-level 
voltage applied. 


SONI gh bereast nctlig 114 HiGH-level input current with a specified HIGH-level 


{HIGH LEVEL) VOLTAGE voltage applied. 
Jor LOW-level output current. 


udcmacie tonic Vito toy HIGH-level output current. 


“LOW” OUTPUT é Sea . . 
VOLTAGE s Meee Isc Output short-circuit source current. 


VOLTAGE . 
IMMUNITY Icc The supply current drawn by the device from the Vcc 


(LOW LEVEL) power supply. 
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Vii Logic LOW input voltage. 
Vin Logic HIGH input voltage. 
Vo_ LOW-level output voltage with Io. applied. 


Von HIGH-level output voltage with Ioy applied. 
ORIVING DRIVEN 
SCHOTTKY SCHOTTKY 

DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


300 
(OUTSIDE) 


01 
in, SEATING 


ft PLANE 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Am25S10 


Four-Bit Shifter With Three-State Outputs 


istinctive Characteristics e@ 6.5ns typical data propagation delay. 
Shifts 4-bits of data to 0, 1, 2 or 3 places under con- 
trol of two select lines. @ 100% reliability assurance testing in compliance with 
Three-state outputs for bus organized systems. MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 
The Am25S10 is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined by a two- 
bit select field Sg and Sj. An active-LOW enable controls 5, Pe t2br oN 2 bs 
the three-state outputs. This feature allows expansion of d 
shifting over a larger number of places with one delay. Am25S10 


By suitable interconnection, the Am25S10 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 


‘1 Y2 


or both ends of the shifting field; arithmetic, where the . 14 12 
sign bit is repeated during a shift down; or end around, Voc = Pin 16 
where the data word forms a continuous loop. GND = Pin8 


LOGIC DIAGRAM 


13 1.2 ly lo \4 lo 13 S1 So OE 
/ iV, VV 
as 
a ae , Y 
i 1 ] 
| or Pee 


(EBS 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 
Package Temperature Order ‘1 
Type Range Number 
Molded DIP . 0°C to +70°C AM25S10PC 
Hermetic DIP 0°C to +70°C AM25S10DC 
Dice 0°C to +70°C AM25S10XC 
Hermetic DIP -55°C to +125°C AM25S10DM 
Hermetic Flat Pak -55°C to+125°C = AM25S10FM 7] 
Dice -55°C to+125°C AM25S10XM ’ tg GND 


Note: Pin 1 is marked for orientation 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ; —65°C to +150°¢ 
Temperature (Ambient) Under Bias —55°C to +125°( 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5 V to +7\ 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcec max 
DC Input Voltage —0.5 V to +5.5\ 
DC Output Current, Into Outputs 30 m/ 
DC Input Current —30 mA to +5.0 m/ 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S10XC Ta = 0°C to +70°C Vec = 5.0V £5% (COM'L) MIN, = 4.75V MAX, = 5.25V 
Am25S10XM Ta = —55°C to +125°C Voc = 5.0V £ 10% (MIL) MIN. = 4.5V MAX, = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Vec =MIN., XM | =—2mA 
Output HIGH Voltage ce OH 
Vin =Vinor Vit | XC IoH = —6.5mA 
Vcc =MIN., lop =20mA 
Output LOW Voltage ce OL fs 
Vin = Vin or Vit 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Input LOW Level ‘ Guaranteed input logical LOW 
voltage for all inputs 
fv Input Clamp Voltage Veco =MIN., lin =—18MA 
Ve Unit Load = = 
Input LOW Current Vice > MAX Vine OS ¥ 
Ny Unit Load m ‘eS 
Input HIGH Current NCE MEM, SAN 20M 


ig Vo =2.4V 
Output Current ' Vo = 0.5V 


Input HIGH Current Vcc = MAX., Vin =5.5V 


, Output Short Circuit Current 


: Vcc = MAX., All outputs open, 


P 
ower Supply Current All inputs = GND 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Actua! input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4, Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Data Input to Output 
t 
Select to Output 


= 
Output Control OE to Output 


Vec = 5.0V, CL =15pF, RL = 2802 


ns 


Veco = 5V, Cr. = 5pF, Ry = 2802 


DEFINITION OF FUNCTIONAL TERMS 


1; |The seven data inputs of the shifter. 

OE Enable. When the enable is HIGH, the four outputs are in 
the high impedance state. When the enable is LOW, the selected 
Ij inputs are present at the outputs. 


So, $1 Select inputs. Controls the number of places the inputs 
are shifted. 


Yj The four outputs of the shifter. 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 
(Note1) XM XC 


13 1 1 - - - 
lo 2 1.5 - - - 
14 3 1.5 - - = 
lo 4 1.5 - - = 
14 5 1.5 - ~ - 
‘Ig 6 1.5 - - - 
I3 7 1 - - - 
GND 8 - - > - 
$1 9 1 - a = 
So 10 1 - - - 
Y¥3 11 - 40 130 10 
Yo 12 ~ 40 130 10 
OE 13 1 _ - - 
Y1 14 - 40 130 10 
Yo 15 - 40 130 10 
Vec 16 - - - a 


A Schottky TTL Unit Load is defined as 50 uA measured at 2.7 V 
HIGH and —2,0mA measured at 0.5V LOW. 


Note: 1. The fan-in on I_9, I_4, Ig, 14 and Ig will not exceed 1.5 
Unit Loads when measured at Vj, = 0.5 V. As Viz is decreased to 
OV, the input current lj,, MAX. increases to —4, —6, -8, —6 and 
—4mA respectively due to the decrease in current sharing with the 
internal select buffer outputs. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT 


DRIVEN INPUT 


Vcc 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 


tp ~ PROPAGATION DELAY — ns 


tp — PROPAGATION DELAY — ns 


PERFORMANCE CURVES 


SWITCHING CHARACTERISTICS 


Data to Output 
(Typical) 


4 
-75 -60 ~25 0 25 50 75 100 125 
Ta — AMBIENT TEMPERATURE — °C 


Select to Output 
(Typical) 


11.0 
-75 -650 -25 0 25 50 75 100 125 


Ta — AMBIENT TEMPERATURE — °C 


LOGIC EQUATIONS 


80 81 Io + So $4 1-1 + SQ S71 #2 + So Sq 1-3 


= So S81 11 +S $1 !9 +50 81 1-4 + Sq Sq I-2 


So $4 12 + So 54 I + 89 $1 Ilo + SQ Sq 14 
So $1 13 + Sg $4 Ia +S9 S414 +59 S14 lo 


TRUTH TABLE 


X = Don’t Care 
Z = High Impedance State 


Dy at input I, may be either HIGH or LOW and output Y,, will 
follow the selected Dj, input level. 
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APPLICATIONS 


12, 13 14 18 


lg lots Io ly le Ig tg ty tg ly lg Ig 


lt L NOSHIFT 

tH SHIFT 1 PLACE 
HL SHIFT2 PLACES 
H H SHIFT3 PLACES 


So 
Ss} 
S2 
32 


NO SHIFT 

SHIFT END AROUND 1 
SHIFT END AROUND 2 
SHIFT END AROUND 3 
SHIFT END AROUND 4 
SHIFT END AROUND 5 
SHIFT END AROUND 6 
SHIFT END AROUND 7 


S2 Sy 
be 
Le 
LH 
LH 
Ht 
HL 
HH 
HH 


zmrirxzrirtrg& 


8-Bit End Around Shift 0, 1, 2, 3, 4, 5, 6, 7 Places 


= 


1g lolz lo iy le 33 ly ty Ig lat lo i tz 13 
S So 
$1 Am25S10 
O} OE 
Y2 ¥3 Yo ‘4 Y2 Y3 


12.11 10 9 


DIE SIZE 0.056” X 0.066” 


DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


f max The highest operating clock frequency. 

tp_H The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

tpH_ The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 
Pulse width. The time between the leading and trailing 
edges of a pulse. 
Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 
Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 
Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 
Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 
Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 
HIGH to disable. The delay time from a control input change 
to the three-state output HIGH-level to high-impedance 
transition (measured at 0.5 V change). 
LOW to disable. The delay time froma control input change 
to the three-state output LOW-level to high-impedance transi- 
tion (measured at 0.5V change). 
Enable HIGH. The delay time from a control input change 
to the three-state output high-impedance to HIGH-level 
transition. 
Enable LOW. The delay time from a control input change 
to the three-state output high-impedance to LOW-level 
transition. 


UNIT LOAD DEFINITIONS 


HIGH 
Measure 
Voltage 


2.4V 
2.7V 
2.4V 
2.7V 
2.4V 
2.4V 
2.7V 


LOW 
Measure 
Voltage 


0.4V 
0.5V 
0.3V 
0.4V 
0.4V 
0.4V 
0.5V 


SERIES 
Am25/26/2700 


Am25S/26S/27S 
Am25L/26L/27L 
Am25LS/26LS/27LS 
Am54/74 

54H/74H 
Am54S/74S 


54L/74L 
(Note 1) 


S4L/74L 
(Note 1) 


Am54LS/74LS 
Am9300 
Am93L00 © 
Am93S00 
Am75/85 
Am8200 


Current 
—-1.6mA 


—2.0mMA 
—0.4mA 
—0.36mMA 
—1.6mA 
—2.0mMA 
—2.0mA 


Current 
40yuA 


50uA 
20uA 
20uA 
40yuA 
50uA 
50puA 


20uA 2.4V —0.8mA 0.4V 


10 uA 2.4V —0.18mA 0.3V 


20ynA 
40uA 
20 uA 
50yuA 
40yA 
40 pA 


2.7V 
2.4V 
2.4V 
2.7V 
2.4V 
4.5V 


—0.36mA 
—1.6mA 
—0.4mA 
—2.0mA 
-1.6mA 
-1.6mA 


0.4V 
0.4V 
0.3V 
0.5V 
0.4V 
0.4V 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR THREE-STATE OUTPUTS 


LOAD TEST CIRCUIT 


TEST 
POINT 


FROM OUTPUT 
UNDER TEST 


C, INCLUDES 
PROBE AND JIG 


CAPACITANCE | 


SET-UP, HOLD, AND RELEASE TIMES 


ALL DIODES 
1N916 OR 
1N3064 


DATA i or TR 
INPUT | MA\\V\\ 


NWVV\ 


Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 
2. Cross hatched area is don't care condition. 


PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION 


tPLH 


OPPOSITE PHASE 
INPUT TRANSITION 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


ENABLE AND DISABLE TIMES 


Enable Disable 


CONTROL __ 
INPUT 


OUTPUT 
NORMALLY LOW 


OUTPUT 
NORMALLY HIGH gs, OPEN/I| 


Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Control Disable-H!GH. 
2. S4 and Sg of Load Circuit are closed except where shown. 


. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 502; 
tp < 2.5ns; te < 2.5ns. 
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SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 


VOLTAGE INTERFACE CONDITIONS H HIGH, applying to a HIGH voltage tevel. 
L LOW, applying to a LOW voltage level. 
| Input. 
DRIVING DEVICE DRIVEN DEVICE 
MINIMUM LOGIC 0 Output. 
MVOLTAGE ‘Negative Current Current flowing out of the device. 


ore Positive Current Current flowing into the device. 


Ij, LOW-level input current with a specified LOW-level 


voltage applied. 
NIL O GIG ly HIGH-level input current with a specified H!IGH-level 


IMMUNITY “HIGH™ INPUT 
(HIGH LEVEL) VOLTAGE voltage applied. 


lo, LOW-level output current. 


! HIGH-level output current. 
MAXIMUM LOGIC Vile OH e 
“LOW” OUTPUT j ee MAXIMUM LOGI -circui 
NGUTAGE Oly Sea Ee ape a Sg Isc Output short-circuit source current. 
VOLTAGE 


wn 
Ee 
a 
°o 
> 
' 
” 
J 
Ww 
> 
WwW 
a 
Ww 
QO 
4 
F 
a 
° 
> 
& 
E) 
a 
Zz 
= 
e 
> 
a 
= 
=) 
Oo 


tise: ; Icc The supply current drawn by the device from the Vcc 
(LOW LEVEL) power supply. 


Vit Logic LOW input voltage. 

Vin Logic HIGH input voltage. 

Vo_ LOW-leve! output voltage with Io. applied. 
Von HIGH-level output voltage with Io applied. 


ORIVING DRIVEN 
SCHOTTKY SCHOTTKY 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure current. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


: :300 
Mee Ain: SEATING 
7 A PLANE 
a tt | ay 


ADVANCED 
MICRO 

DEVICES INC. 
901: Thompson Place 
Sunnyvale 
Calitornia 94086 
(408) 732-2400 

TWX: 910-339-9280 


TELEX: 34-6306 
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Am82S62 


Nine-Input Parity Checker/Generator 


Distinctive Characteristics 


® ODD/EVEN parity outputs 
@ Inhibit input to disable both outputs 
@ High-speed expansion input — Pg 


FUNCTIONAL DESCRIPTION 


The Am82S62 is a 9-bit parity generator/parity checker 
with both an ODD parity output and an EVEN parity out- 
put. The device can be used to detect errors in data trans- 
mission or data retrieval systems as well as to generate this 
parity check bit. 


The Am82S62 features one special high-speed input (Pg) to 
facilitate expansion. The propagation delay to the outputs 
through this path is considerably reduced when compared 
to the Py through Pg paths. This short delay path allows 
parity checkers/generators of larger size than 9-bits to be 
built with a minimum of additional delay. 


The device is built using advanced Schottky technology and 
incorporates PNP input transistors to reduce input loading 
| to 0.4 STTL unit loads. The EVEN output is one gate 

propagation delay time shorter than the ODD output. 


@. PNP inputs 
@ Advanced Schottky technology 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


LOGIC SYMBOL 


1 2 3 4 #10 11 12 13° 5 


Py Pa Pg Pq Pa Pg Py Pg Pg 


INHIBIT Am82S62 


Vcc = Pin 14 
GND = Pin 7 


LOGIC DIAGRAM 


INHIBIT 


> 


) > O opp 


aon 
i ee D- even 
eas = 


° = rae 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 
Molded DIP O°C to +75°C N82S62A 
Hermetic DIP 0°C to +75°C N82S62F 
Dice O°C to +75°C N82S62X 
Hermetic DIP —55°C to +125°C S82S62F 
Dice —55°C to +125°C S82S62X 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State : —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 


DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 


N82S62 Ta = 0°C to +75°C fii se tits le aaa’ Sec iee 
S82S62 Ta = —55°C to +125°C cc =°2. +5% = 4. : . 

| Typ. 
Parameters Description Test Conditions (Note 1) (Note 2) Units 


Min. 
Vec=MIN., low =—1mA 
VoH Output HIGH Voltage VIN = Vin or Vu 2.7 
Vv =MIN., | = 20mA 
VOL Output LOW Voltage ee oO 
Vin = Vin or Vit 


Max. 
Input HIGH Level Guaranteed input logical HIGH 
7 voltage for all inputs 
Vit Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
es Cees ee 


Input Clamp Voltage Vcc = MIN., lin = —18mMA 
7m : evel Cie) eae ee 
netaE CCE eG ee INC Oe omen — a Oe 


"tH 
H = wd 


tnput HIGH Current Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current 


Power Supply Current Vcc = MAX. (Note 5) 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5, Py through Pg grounded; inhibit at 4.5V; outputs open. , 


Switching Characteristics (Ta = +25°C) 


Parameters Description Test Conditions ' Min. Typ. Max. Units 


| teLH | 
Ey P41 through Pg to Even Output 


tPHL 


t 
eb Py through Pg to Odd Output 


t 
Pg to Even Output 


tPHL 
tPLH 


t 
Inhibit to Even Output 

tPHL 

t 
[LH | inhibit to Odd Output 

tPHL 


Vcc = 5.0V, Ry = 2802, Cy = 15 pF 


Pg to Odd Output ns 


TRUTH TABLE LOADING RULES (In Unit Loads) 


INHIBIT SS OF P INPUTS OUTPUT Fan-out 


| ODD | EVEN Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


Py 


_ 


0.4 = 
P2 
P3 


0.4 - 
0.4 - 
0.4 
0.2 


P4 

Pg 
ODD 
GND 
INHIBIT 
EVEN 
Ps 


OPO rN | OH) a) &] ww] nN 


esses 
re rrertmtorrorertee 


= 
o 


ppeceeeree 
pfresreeee ol 
p[eeeeer acer 


cr 


_ 
_ 


Pg 
P7 


_ 
NO 


= 
w 


Pg 
Vcc 


= 
<S 


A Schottky TTL Unit Load is defined as 504A measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS SCHOTTKY INPUT/OUTPUT 


P4 through Pg The nine inputs to the parity tree. CURRENT INTERFACE CONDITIONS 


INHIBIT A HIGH on the inhibit input forces both the odd 

output and even output LOW regardless of the P inputs. When 

the inhibit is LOW, the odd and even outputs will always be DRIVING OUTPUT PNP. 

of opposite phase. mab altel 
ODD The odd parity output of the device. When an odd 3.2k2 
number of P inputs are at a HIGH level, the odd output will eae 
be HIGH. 

EVEN The even parity output of the device. When an even 

number of P inputs are at a HIGH level, the even output will 

be HIGH. 


LOGIC EQUATIONS 


ODD Output = P1 ©P7®P3 Py Pc ©Pg@P7 OPgoPg 


EVEN Output = Py ®P4SP3Z6Py4 Pg OPE OP7OPgSPq Note: Actual current flow direction shown. 


APPLICATION 


16-BIT PARITY GENERATOR WITH INVERT CONTROL 


NORMALLY 
EVEN OUTPUT 


Am82S62 


NORMALLY 


ODD ODD OUTPUT 


INHIBIT 


Am82S62 


opD 


ODD/EVEN INVERT 
CONTROL 
INHIBIT 


INHIBIT 


Metallization and Pad Layout 


OUTPUT 


ODD 
OUTPUT INHIBIT 


DIE SIZE 0.067” X 0.072” 


DEFINITION OF SWITCHING TERMS UNIT LOAD DEFINITIONS 
(All switching times are measured at the 1.5V logic level unless HIGH Low 


otherwise noted.) 
Measure Measure 
fmax The highest operating clock frequency. SERIES Current Voltage Current Voltage 


tpLH The propagation delay time from an input change to an out- Am25/26/2700 40 uA 2.4V ~1.6MA 0.4V 
put LOW-to-HIGH transition. 

tpH~t The propagation delay time from an input change to an Am25S/26S/27S 50uA 2.7V —2.0mA 0.5V 
output HIGH-to-LOW transition. Am25L/26L/27L 20uA 2.4V —0.4mA 0.3V 
Pulse width. The time between the leading and trailing Am25LS/26LS/27LS 20nA 27V —0.36mA 0.4V 
edges of a pulse. 
Rise time. The time required for a signal to change from 10% AmS4/74 40uA 2.4V —1.6mA 0.4V 


to 90% of its measured values. 54H/74H 50uA 24V ~2.0mA 0.4V 
Fall time. The time required for a signal to change from 90% ——— 

to 10% of its measured values. Am54S/74S 50uA 2.7V —2.0mA 0.5V 
Set-up time. The time interval for which a signal must be 54L/74L = 

applied and maintained at one input terminal before an (Note 1) 2026 25 O.SmA . ony 
active transition occurs at another input terminal. B4L/74L 

Hold time. The time interval for which a signal must be (Note 1) 10pA 2.4V —0.18MA 0.3V 
retained at one input after an active transition occurs at 
another input terminal. Am54LS/74LS 20uA 2.7V —0.36mA 0.4V 


Release time. The time interval for which a signal may Am9300 40 nA 2.4V —1.6mA 0.4V 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time Am93L00 20nA 2.4V —0.4mA 0.3V 
falls within the set-up time interval and is specified by some Am93S00 50uA 27V On 05V 
manufacturers as a negative hold time). a" 7 3 


Am75/85 40yuA 2.4V —1.6mA 0.4V 
Am8200. 40ynA 4.5V —1.6MmA 0.4V 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES LOAD TEST CIRCUIT 


TEST 
POINT Vec 


FROM OUTPUT 


UNDER TEST 
TIMING oF 
INPUT 


ALL DIODES 
1N916 OR 
1N3064 


C. INCLUDES 
PROBE AND JIG 
CAPACITANCE 


Notas: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY PULSE WIDTH 


SAME PHASE LHIGH- 
INPUT TRANSITION — a mae ee is 


HIGH-LOW-HIGH 


OUTPUT PULSE 


OPPOSITE PHASE __ 
INPUT TRANSITION 


Notes: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 5022; t, < 2.5ns; te < 2.5ns. 
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SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage fevel. 
L LOW, applying to a LOW voltage level. 


ORIVING DEVICE DRIVEN DEVICE 
MINIMUM LOGIC | Input. 
NVOLTAGE O Output. 
ore Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 


1, LOW-level input current with a specified LOW-level 
are. . Lo ieiacge voltage applied. 
SEER ENEC! WPaae yy HiGH-level input current with a specified HIGH-level 
voltage applied. 


Vitg lo. LOW-level output current. 


MAXIMUM LOGIC - 
AXIOM Los lon HIGH-level output current. 


NOISE VOLTAGE 
IMMUNITY 
(LOW LEVEL) 


MAXIMUM LOGIC 
“LOW" OUTPUT 
VOLTAGE Oly § 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Isc Output short-circuit source current. 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Logic LOW input voltage. 
Logic HIGH input voltage. 
LOW-level output voltage with Ip; applied. 


ne aiued HIGH-level output voltage with |, applied. 


SCHOTTKY FO —-—-—- oo SCHOTTKY 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Am93S10-Am93S16 | 


BCD Decade/Four-Bit Binary Counters 


Distinctive Characteristics @ Edge-triggered clock action 
® Advanced Schottky technology 


@ 100% reliability assurance testing in compliance with 
@ Fully synchronous parallel loading MIL-STD-883. 


@ Fully synchronous counting 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am93S10 and Am93S16 are fully synchronous 4-bit 
decimal and binary counters. With the paralle! enable (PE) 
LOW, data on the Po-P3 inputs is parallel loaded on the 
positive clock transition. When PE is HIGH and both count 
enables CEP and CET are also HIGH, counting wil! occur P,P 
on the LOW-to-HIGH clock transition. 
Am93S10 


The terminal count state (1001 for the Am93S10 and 1111 Am93S16 
for the Am93S16) is decoded and ANDed with CET in the 

terminal count (TC) output. If CET is HIGH and the 

counter is in its terminal count state, then TC is HIGH. 


Both counters have an asynchronous master reset (MR). A 
LOW on the MR input forces the Q outputs LOW in- 
dependent of all other inputs. The only requirements on 
the PE, CEP, CET and Pg-P3 inputs is that they meet the 
set-up time requirements before the clock LOW-to- Vec = Pin 16 
HIGH transition. GND = Pin8 


LOGIC DIAGRAMS 
Am93S10 Am93S16 


93944 


ORDERING INFORMATION CONNECTION DIAGRAM 
. Top View 


Am93S10 Am93S16 
Package Temperature Order Order 
Type Range Number Number 


Molded DIP OCto+75°C 93S10PC 93S16PC pene 
Hermetic DIP @Cto+75°C 93S10DC 93S16DC Am93S16 
Dice OCto+75°C 93S10XC 93S16XC 
Hermetic DIP _—55°C to +125°C = 93S10DM 93S16DM 
Hermetic Flat Pak —S55°Cto+125°C 93S10FM 93S16FM Py CEP GND 
Dice _ -BS°C to+125°C += 93S10XM 93S16XM 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93S10XC, Am93S16XC Ta =O°Cto 75°C Vec = 5.0V +5% (COM’L) MIN, = 4.75V MAX. = 5.25V 
Am93S10XM, Am93S16XM Ta = —55°C to +125°C Vec = 5.0V £10% (MIL) MIN. = 4.5V MAX. = 5.5V 

; Typ. ; 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


VoH Output HIGH Voltage ce On | xm | 
Vec= - = 20 

VoL Output LOW Voltage ee MEN fOL = 20ne 
Vin = Vin or Vin 

Vin Input HIGH Level Guaranteed input logical HIGH 2.0 
voltage for all inputs 


Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 


Input Clamp Voltage Vec = MIN., ty = —18mA a, 


P; MR; CEP 
E Re ed 
. IL, Input LOW Current ill 
(Note 3) : PE = idl 


I OEM Shae eg WS sek eed Eee | 
1H {nput HIGH Current 
(Note 3) 


Input HIGH Current ; Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current 

| = MAX., V =0.0V 

(Note 4) bi ae za 
Power Supply Current Voc = MAX. (Note 5) | 


For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. : 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 

Outputs open; MR = OV; all other inputs HIGH. 


Notes: 


MAYN> 


Metallization and Pad Layouts 


Am93S10 Am93S16 


GND 


DIE SIZE 0.078” X 0,096” ‘ DIE SIZE 0.078” X 0.096” 


SWITCHING CHARACTERISTICS (Ta, = +25°) 


Parameters Description Test Conditions Min. Typ. Max. Units 


fMAX Count Frequency 


Clack to Q 


Clock to TC 


CET to TC 


Ps | Recovery Time for MR 
finactive) Voc = 5.0V, Cy = 15 pF, Ry = 2802 


ts 
3 Master Reset Pulse 
pw Width 


Clock Pulse Width HIGH 
Clock Pulse Width LOW 


Data to Clock 


PE to Clock 


CEP or CET to Clock 


APPLICATIONS 


SYNCHRONOUS MULTISTAGE COUNTING USING CET INPUT ONLY 


TO MORE 
SIGNIFICANT 
STAGES 


CLOCK 


FASTER SYNCHRONOUS MULTISTAGE COUNTING USING CET AND CEP INPUTS 


TO MORE 
SIGNIFICANT 
STAGES 

(UP TO TOTAL) 
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DEFINITION OF FUNCTIONAL TERMS LOADING RULES (In Unit Loads) 


PE Parallel Enable. When PE is LOW, the parallel inputs, Po ee Sai fanaa ; 
—, soe npu utpu utpu 

Se He are enabled. When PE is HIGH, the count function Input/Output Pin No.’s Unit Load HIGH ron 

CEP Count Enable Parallel. CEP is one of the count enable MR 

inputs that must be HIGH for the counter to count. cP 
’ CET Count Enable Trickle. CET is one of the count enable 

inputs that must be HIGH for the counter to count. In ad- 

dition, CET is included in the TC output gate and must be 

HIGH for TC to be HIGH. 

CP Clock Pulse. Causes the required output change on the 

LOW-to-HIGH transition (Edge-triggered). 

MR Master Reset. When the asynchronous master reset is 

LOW, the Qo through Q3 outputs will-be LOW regardless of 

the other inputs. 


Po, P;, Po, P3 The parallel data inputs for the four internal 
flip-flops. 
Qo, Qy,Q5, Q3 The four parallel outputs from the counter. 


TC Terminal Count. The terminal count output will be HIGH 
for CET HIGH and binary nine on the Am93S10 or CET 
HIGH and binary 15 on the Am93S16. 


1 = 


OPO aj a; hj wl ni 


Vcc 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 


FUNCTION TABLE 


ie 
WAKSE)RSCRCSESESESC ACL 
Poe e ee ees Eee CaaS 


NC = No Change 
Dj may be either HIGH or LOW 
t LOW-to-HIGH Transition 


TERMINAL COUNT (TC) TRUTH TABLE SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT ORIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


LOW 
Don’t Care 


Note: Actual current flow direction shown. 


DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


fax The highest operating clock frequency. : 
tpLH The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 
tpH_ The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 
Pulse width. The time between the leading and trailing 
edges of a pulse. 
Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 
Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 
Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 


Hold time. The time interval ‘for which a signal must be 


retained at one input after an active transition occurs at 
another input terminal. 


Release time.. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 


UNIT LOAD DEFINITIONS 


HIGH LOW 
Measure Measure 
SERIES Current Voltage Current Voltage 


Am25/26/2700 40yA 24V —1.6mA 0.4V 
Am25S/26S/27S 50pA 2.7V —2.0mA 0.5V 


Am25L/26L/27L 20pnA 24V —0.4mA 0.3V 
Am25LS/26LS/27LS | 20yuA 27V —0.36mA 0.4V 


Am54/74 40yA 24V —1.6mA 0.4V 
54H/74H 50uA 24V —2.0mA 0.4V 


AmS4S/74S —2.0mA 0.5V 


54L/74L 
(Note 1) 


54L/74L z 
Aca 10yA 24V 018mMA —0.3V 


AmS54LS/74LS —0.36mA 0.4V 
Am9300 | -1.6mA 0.4V 
Am93L00 —0.4mA 0.3V 
Am93S00 —2.0 mA 0.5 V 


Am75/85 40pA 24V —1.6mA 0.4V 
Am8200 40yuA 45V —1.6mA 0.4V 


Note: 1. 54L/74L has two different types of standard inputs. 


—0.8mA 0.4V 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES 


TIMING 
INPUT 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don't care condition. 


PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION — 


OUTPUT 


OPPOSITE PHASE 
INPUT TRANSITION 


LOAD TEST CIRCUIT 


TEST 
POINT 


FROM OUTPUT 
UNDER TEST 


ALL DIODES 
1N916.0R 
1N3064 

C_ INCLUDES 

PROBE AND JIG 

CAPACITANCE 


PULSEWIDTH 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


Notes: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 5022; t, < 2,5ns; te © 2.5ns. 


SCHOTTKY INPUT/OUTPUT | DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 
MINIMUM LOGIC 


| Input. 
“HIGH OUTPUT 
VOLTAGE O Output. 


eT ee Negative Current Current flowing out of the device. 


DRIVING DEVICE DRIVEN DEVICE 


Positive Current Current flowing into the device. 


fi, LOW-level input current with a specified LOW-level 
MINIMUM.LOGIC voltage applied. 


IMMUNITY “HIGH” INPUT 
apIGEREEY) YOETEBE 14 HIGH-level input current with a specified HIGH-level 
voltage applied. 


Vit LOW-level output current. 
MAXIMUM LOGIC 2 


“LOW” OUTPUT Se 1 MAXIMUM LOGIC - 
VOLTAGE. VOL } sg pple H!IGH-level output current. 


O'S VOLTAGE Output short-circuit source current. 


(LOW-CEVEL! Icc The supply current drawn by the device from the Vcc 
power supply. 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Logic LOW input voltage. 
Logic HIGH input voltage. 
LOW-level output voltage with Io, applied. 


eras : nae HiGH-level output voltage with |o,, applied. 


SCHOTTKY SCHOTTKY 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


ADVANCED 
MICAO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am93S48 


Twelve-Input Parity Checker/Generator 


Distinctive Characteristics @ Same delay to EVEN and ODD parity outputs 


@ Generates or checks parity over 12 bits @ 100% reliability assurance testing in compliance with 
@ Advanced Schottky technology MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am93S48 is a high-speed, 12-input parity checker or 

parity generator. The device is built using advanced 1112131415 12345 67 
Schottky technology and also incorporates PNP input 
transistors to reduce the input loading to only 0.4 STTL lo 4 12 13 14 Is tg 17 Ig lg N40 144 
Unit Loads. 

Both an ODD parity output and an EVEN parity output ees 
are obtained with the same propagation delay. This is ac- 

complished by using an output structure that looks at the 

input as three 4-bit parity trees. 


Vcc = Pin 16 
GND =Pin8 


LOGIC DIAGRAM 


i 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +70°C 93S48PC 

Hermetic DIP 0°C to +70°C 93S48DC 

Dice 0°C to +70°C 93S48XC 

Hermetic DIP —55°C to +125°C 93S48DM 

Hermetic Flat Pak —55°C to +125°C 93S48FM 
Dice —55°C to +125°C 93S48XM ie 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to tVcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current : —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93S48XC Ta = 0°C to +70°C Voc = 5.0V +5% (COM'L) MIN, = 4.75V MAX. = 5.25V 
Am93S48XM Ta =—55°C to +125°C Vec = 5.0V £10% (MIL) MIN. = 4.5V MAX. = 5,5V 

: Typ. ; 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc =MiIN., | =—1mA | XC 

VOH Output HIGH Voltage aa OH Exes] 
Vin = Vin oF VIL 
Vcc =MiIN., lot = 20mMA 

VOL Output LOW Voltage ce OL 
VIN = ViH oF VIL 

Input HIGH Level Guaranteed input logical HIGH 

voltage for all inputs 
Guaranteed input logical LOW 
voltage for all inputs 


Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current _ 
(Note 4) Vcc = MAX., Vout = 0.0V 


Power Supply Current Vcc = MAX. (Note 5) 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Both outputs open; all inputs at 4.5V. 


Switching Characteristics (T , = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Ip through 144 to 
Even Output 


=5, , = s = 2802 
Ig through 144 to Vec = 5.0V, CL = 15 pF, RL = 280. 
Odd Output 


TRUTH TABLE LOADING RULES (In Unit Loads) 


NUMBER OF | INPUTS OUTPUT Fan-out 
EVEN Input Output Output 
| HIGH | opp | EVEN | Input/Output Pin No.’s Unit Load HIGH LOW 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


= = 
- N 
x= 


ys 
o 


Oo oannnrh WN = OO 
Olra;l» n> Oo) oO) Bf] @W!] MN] — 


= 
oO 


Pe rcrerorrpreoirtrgrgr 
— 
Coal 


or NW FTTH NY DW O 
eR? ae a ee ea ae ee 


LOW 
Don’t Care 


A Schottky TTL Unit Load is defined as 50uA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS SCHOTTKY INPUT/OUTPUT 


Ig through 144 The twelve inputs to the parity tree. CURRENT INTERFACE CONDITIONS 


ODD The ODD parity output of the device. When an ODD 
number of | inputs are at a HIGH fevel, the ODD output 
will be HIGH. 

DRIVING OUTPUT PNP 
EVEN The EVEN parity output of the device. When an EVEN DRIVEN INPUT 
number of | inputs are at a HIGH level, the EVEN output 
will be HIGH. 


LOGIC EQUATIONS 


Odd Output = [921421991291 41591 g2172l gel gl 4 Q2l 4 4 


Even Output = 192! 421 9%13%l4%l5 Fl gFl79lg2lg%l 42144 


Note: Actual current flow direction shown. 


APPLICATIONS 
12-BIT PARALLEL ODD/EVEN PARITY CHECKER/GENERATOR 


fo n'a Ig Ig ts te Wy Ie Ig No Mn 
cLock 


ENABLE Am93S48 


32-BIT PARITY CHECKER/GENERATOR 


ODD/EVEN INVERT CONTROL 


Am93S48 
6 


1 
2 
3 
4 
$-) 
6 
7 
8 
9 


= 
o 


Am93S48 


Metallization and Pad Layout 


DIE SIZE 0.067” X 0.072” 


DEFINITION OF SWITCHING TERMS 

(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 

f max The highest operating clock frequency. 


tpLH The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 


tpyH_ The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 


Pulse width. The time between the leading and trailing 
edges of a pulse. 


Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 


Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 


Set-up time. The time interval for which a signal must be 


applied and maintained at one input terminal before an 


active transition occurs at another input terminal. 


Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 

Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 


UNIT LOAD DEFINITIONS 


HIGH 
Measure 
SERIES Current — Voltage Current 


Am25/26/2700 40uA 2.4V —1.6mA 
Am25S/26S/27S 50uA 2.7V —2.0mMA 
Am251L/26L/27L 20nA 2.4V -0.4mA 


Am25LS/26LS/27LS 20HA 2.7V —0.36mA 
Am54/74 40uA 2.4V —-1.6mA 
54H/74H 50uA 2.4V —2.0mMA 
Am54S/74S 50uA 2.7V —2.0mA 


S4L/74L 
(Note 1) 


54L/74L 
(Note 1) 


Am54LS/74LS 20nA 2.7V —0.36mA 


20uA 2.4V —0.8mA 


102A 2.4V -0.18MA 


Am9300 40uA 2.4V —-1.6mMA 
Am93L00 20uA 2.4V —0.4mA 


Am93S00 50uA 2.7V —2.0mMA 
Am75/85 40uA 2.4V —-1.6mA 
Am8200 40uA 4.5V —-1.6mA 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES 


TIMING 
(INPUT 


Notes: 1. Diagram shown for HIGH data only, Output 
transition may be opposite sense. 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION — 


OUTPUT 


OPPOSITE PHASE __ 
INPUT TRANSITION 


Notes: 1, Pulse Generator for All Pulses: 


LOAD TEST CIRCUIT 


FROM OUTPUT 
UNDER TEST 


ALt DIODES 
1N916 OR 
1N3064 

Cy INCLUDES 

PROBE AND JIG 

CAPACITANCE 


PULSE WIDTH 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


Rate <1.0MHZ; Zy = 502; ty <2.5ns; te <2.5ns. 
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SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 
H HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 
MINIMUM LOGIC y Input. 
MOLTAGE O Output. 
Omit Negative Current Current flowing out of the device. 


ORIVING DEVICE ORIVEN DEVICE 


Positive Current Current flowing into the device. 


Ij, LOW-level input current with a specified LOW-level 
IMMUNITY NIGH" INPUT voltage applied. 


ea Cee Iy4y HIGH-level input current with a specified HIGH-level 


voltage applied. 


! LOW-level output current. 
MAXIMUM LOGIC ViL2 OL p 


“LOW” OUTPUT . MAXIMUM LOGIC - 
VOLTAGE. VOL § <a Ue Los lon HIGH-level output current. 


NOISE VOLTAGE 
IMMUNITY 
(LOW LEVEL) 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Isc Output short-circuit source current. 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Logic LOW input voltage. 
Logic HIGH input voltage. 
LOW-level output voltage with |G; applied. 


een ate HIGH-level output voltage with 15), applied. 
SCHOTTKY O SCHOTTKY 
DEVICE DEVICE 


Note: Refer to Electrica! Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
.Dual-tn-Line 


Ceramic Molded 


8 
cit 


oes | | a_i 
c 366 | 
i 


015 
Min, SEATING 


ee PLANE 


; Flat Package‘. , 


980 2% 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am54S/74S139 -Am93S21 


Dual 2-Line to 4-Line Decoder/Demultiplexer 


Distinctive Characteristics 


@ Advanced Schottky technology 
@ 7.5ns typical propagation delay 


FUNCTIONAL DESCRIPTION 


@ Two independent decoders/demultiplexers 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


The Am54S/74S139 and Am93821 are dual 2-line to 4-line 
decoder/demultiplexer units fabricated using advanced 
Schottky technology. Each decoder has two buffered 
select inputs A and B which are decoded to one of four 


Y outputs. 


An active LOW enable can be used for gating or can be used 
as a data input for demultiplexing applications. When the 
enable is HIGH, all four Y outputs are HIGH, regardless 


of the A and B inputs. 


ORDERING INFORMATION 


Am54S/ 
748139 


Package Temperature Order | 


. Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Range 


O°C to +70°C 

OC to +70°C 

O°C to +70°C 
—§5°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Number 


SN74S139N 
SN74S139J 
SN74S139X 
SN54S139J 
SN54S139W 
SN54S139X 


LOGIC DIAGRAM 
(One Decoder Shown) 


Am93S21 
Order 
Number 


93S21PC 

93821 DC 
93821 XC 
93S821DM 
93S21FM 
93S21XM 


LOGIC SYMBOL 


Vec = Pin 16 
GND = Pin8 


CONNECTION DIAGRAM 
Top View 
2B 2Y0 2Y1 2Y2 2Y3 
12 ib 


Am54S/74S139 
Am93S21 


4 5 6 


1B 1Y0 1¥1 1Y2 1Y3 GND 


Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


—65°C to +150°C 


Temperature (Ambient) Under Bias 


—55°C to +125°C 


DC Input Voltage 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vtot+7V 
DC Voltage Applied to Outputs for HIGH Output State —5.0V to +Vec max. 

—0.5 V to +5.5 V 
DC Output Current, Into Outputs : 30 mA 


DC Input Current 


—30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S8 139, Am93S21XC Ta =0°C to +70°C 
Am54S139, Am93S21XM Ta = —55°C to +125°C 
Parameters Description 


V = 
Output HIGH Voltage ce 
VIN = 


Vec= 
VIN = 


Output LOW Voltage 


Vec = 5.0V +5% (COM'L) MIN. = 4.75V MAX, = 5.25V 

Voc = 5.0V +10% (MIL) MIN, = 4.5V MAX. = 5.5V 

eu Typ. ; 
Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vin or VIL COM‘L 


MIN., IoL = 20mA 


Ving or Vin ‘ : 


Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 


Input Clamp Voltage Vec = MIN., lyy = — 18MA 


Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs 
Ne 


Unit Load 
(Note 3) Input LOW Current Vcc = MAX., Vin = 0.5 V 
WH Unit Load Grae 
(Note 3) Input HIGH Current cc ~ 


MAX., Vin = 2.7 V 


Input HIGH Current Vec= 


I Output Short Circuit Current Vaae 
sc (Note 4) cc = 
Power Supply Current Vec= 


MAX., Vin = 5.5 V 


MAX., VouT = 0.0 V 


MAX. (Note 5) 


. For conditions shown as MIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type. 


. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 


. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


- loc is measured with all outputs enabled and open. 


Switching Characteristics (T, = +25°C) 


Parameters Description 


t ‘ 
Select to Output, 2 Levels of Delay 


Select to Output, 3 Levels of Delay 


1 
2 
3. Actual input currents = Unit Load Current X Input Load Factor (See Loading Rules). 
4 
5 


Test Conditions Min. Typ. Max. Units 


Vec = 5.0V, RL = 2802, C_=15 pF 


Enable to Output, 2 Levels of Delay 


FUNCTION TABLE LOADING RULES (In Unit Loads) 


INPUTS OUTPUTS Fan-out 
Output Output 


ENABLE SELECT Input/Output Pin No.’s Unit Load HIGH LOW 
G Yo Y4 Y2 Y3 1G 1 1 Z = 


1A 1 
1B 1 


H = HIGH 
L= LOW 
X = Don’t Care 


ODI NIT Oia; Al!) wiry 


DEFINITION OF FUNCTIONAL TERMS 


A,B Select. The two select inputs to the decoder. 

G Enable. The enable input to the decoder. A HIGH input 2B 
forces all four Y outputs HIGH regardless of the A and 2A 
B inputs, 

Yo. Y1, Y2, Y3_ The four decoder outputs. 


2G 
Vcc 


A Schottky TTL Unit Load is defined as 50uA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 
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_ APPLICATIONS 


32-Input Multiplexer 
INPUTS 


Q sse0e acecscceesencosenee © 7 eenscevsscececeseG eoessencnes oceecccnsecaan [5 ccsecsenssncnccee] 6 sensece a becenseerccccecee 23 nee 


ae ee eee 
eo ae 


Alu 


2. 
Dg Dy Dz Dy 04 Dg Dg Dy S Op Dy Dz 03 04 Dg Dg 07 Do Dy Dz D3 04 Dg Dg D7 Dp Dy Dz Dz Dg Dg Dg Dz 
A 


ENABLE 


x 
a 


1/2 OF 
Am$54S/74S139 
Am93S21 


AmS§4S/74S8251 B AmS4S/74S251 Am54S/74S251 Am54S/748251 
B-INPUT MULTIPLEXER 8ANPUT MULTIPLEXER 8-INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 


MULTIPLEXER OUTPUT 


DATA INPUT 


2A 


2B 
1¥0 1¥1 1¥2 1Y3 2Y0 2¥1 2Y2 2Y3 
aes 
A 
ADDRESS 
8 


DIE SIZE 0.073” X 0.060" 


DEFINITION OF SWITCHING TERMS UNIT LOAD DEFINITIONS 
(All switching times are measured at the 1.5V logic level unless HIGH Low 


otherwise noted.) Measure 


Voltage 


Measure 


SERIES Current Voltage Current 


f max The highest operating clock frequency. 


tpi The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 


tpH_ The propagation defay time from an input change to an 
output HIGH-to-LOW transition. 
Pulse width. The time between the leading and trailing 
edges of a pulse. 


Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 


Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 

Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 


Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 

Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 


Am25/26/2700 


Am25S/26S/27S 


Am25L/26L/27L 


Am25LS/26LS/27LS 


Am54/74 
54H/74H 


Am54S/74S 


54L/74L 
(Note 1) 


54L/74L 
(Note 1) 


Am54LS/74LS 
Am9300 
Am93L00 


Am93S00 
Am75/85 40pA 2.4V 


Am8200 40 yA 4.5V 


—1.6mA 
—1.6mMA 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS. 


SET-UP, HOLD, AND RELEASE TIMES 


TIMING 
INPUT 


3V 


AVA ATAVAVAVAVAVAVAVAVAVAVAY, 
AVATATATATAVANATAPATATANATA 


transition may be opposite sense. 
2. Cross-hatched area is don’t care condition, 


1.5V 


ov 


PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION 


OUTPUT 


3V 


OPPOSITE PHASE 
INPUT TRANSITION 1.5V 


Ov 


LOAD TEST CIRCUIT 


FROM OUTPUT 
UNDER TEST 


CL INCLUDES 
PROBE AND JIG 
CAPACITANCE 


PULSE WIDTH 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 5022, t, < 2.5ns; te < 2.5ns. 


ALL DIODES 
1N916 OR 
1N3064 


SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
GRIUINGENIGE RIVER DEVICE L LOW, applying to a LOW voltage level. 


MINIMUM LOGIC | Input. 
“HIGH OUTPUT 


VOLTAGE O Output. 
Negative Current Current flowing out of the device. 
Positive Current ‘Current flowing into the device. 


ty LOW-level input current with a specified LOW-level 
IMMUNITY SO HIGHTANPOR voltage applied. 


(HIGH LEVEL) VOLTAGE . P) “fg 
ly HtGH-level input current with a specified HIGH-level 
voltage applied. 


Vit lo, LOW-level output current. 


MAXIMUM LOGIC - 
oC OW? INPUT lon HIGH-level output current. 


‘Sena 
VOLTAGE . a 
aR Isc Output short-circuit source current. 


{LOW LEVEL) 


MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


2 
un 
° 
> 

| 
n 
ad 
a 
> 
w 
a 
ul 
ro) 
< 
BE 
J 
ro) 
> 
- 
=) 
a 
é 
= 
=) 
a. 
E 
> 
(e) 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Vit Logic LOW input voltage. 
Vip Logic HIGH input voltage. 
Vo, LOW-level output voltage with Iq, applied. 


DRIVING DRIVEN Voy HIGH-level output voltage with IG,, applied. 
SCHOTTKY SCHOTTKY 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-tIn-Line 


Ceramic Molded 


PRP EAS 


Posto 
065 J Le 023 
045 O15 


. (OUTSIDE) 
} 015 
150 1.020 MIN, SEATING 


PLANE 009 
378 
325 
48 010 = 130 
MIN. 100 


< 


Flat: Package 


ADVANCED» 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 3-7: 


Am54S/74S151-Am54S/74S251 


Eight-Input Multiplexers 


Distinctive Characteristics @ Three-state output on Am54S/74S251 for bus organ- 

e@ Advanced Schottky technology ized systems 

@ Switches one of eight inputs to two complementary @ 100% reliability assurance testing in compliance with 
outputs MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am54S/74S151 and the Am54S/74S251 are eight- 
input multiplexers that switch one of eight inputs onto the 
inverting and non-inverting outputs under the control of a 
three-bit select code. The inverting output is one gate delay 
faster than the non-inverting output. 

The Am54S/74S151 provides an active-LOW strobe. When 
the strobe is HIGH, the inverting output (W) is HIGH and 
the non-inverting output (Y) is LOW. 


Am54S/74S251 ONLY 


The Am54S/74S251 features a three-state output for data 
bus organization. The active-LOW strobe, or “output con- 
trol” applies to both the inverting and non-inverting output. 
When the output control is HIGH, the outputs are in the 
high-impedance state. When the output control is LOW, 
the active pull-up output is enabled. 


ORDERING INFORMATION 


Am54S/ Am54S/ 
748151 748251 
Package Temperature Order Order 
Type Range Number Number 
Molded DIP Q°C to +70°C SN74S151N SN74S251N 
Hermetic DIP 0°C to +70°C SN74S151J SN74S251J 
Dice O°C to +70°C SN74S151X SN74S251X 
Hermetic DIP -55°C to +125°C SN54S151J SN54S251J 
Hermetic Flat Pak -55°C to+125°C SN54S151W SN54S251W 
Dice -55°C to+125°C SN54S151X . SN54S251X 


CONNECTION DIAGRAM 
Top View 


Dy D2 D3 D4 Dg Dg D7 


Am54S/74S151 


Am$4S/74S151 Am54S/74S251 


Am54S/74S251 


Vec = Pin 16 
Note: Pin 1 is marked for orientation ‘ GND = Pins 
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MAXIMUM RATINGS (Above which the useful life may be impaired). 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to + Vec max. 
DC Input Voltage j —0.5V to +5.5V 
DC Output Current, Into Output 30mA 


DC Input Current —30mA to +5.0mA 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S151, Am74S251 Ta =0°C to +70°C Vcc = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am54S151, Am54S251 Tp = —S5°C to +125°C Vec = 5.0V £10% (MIL) MIN.=4.5V 9 Typ, MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Output HIGH Voltage | 545151 | lon =—1mA 
74S151 Vcc = MIN., 


| 548251 | Vin = Vin oF Vit lon = —2mA 
748251 lon = —6.5mA 


Vv =MIN., I = 20mA 
Output LOW Voltage ce OL 
Vin = Vin or Vit 


Unit Load 
Input LOW Current 


liW Unit Load 
= MAX. =2.7 
(Note 3) Input HIGH Current VEG = MAK: MIN SY 


Pn | Input HIGH Current Vcc = MAX., Vin = 5.5V 
Off-State (High-Impedance) Vcc = MAX. Vo =2.4V 
Output Current ($251 only) Vin = Vin or Vit Vo = 0.5V 
Output Short Circuit Current 
Isc (Note 4) Vcc = MAX., Vout = 0.0V 
Voo=MAX. | sist 
I P Supply Current 


1. For conditions shown as MIN: or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (Sge Loading Rules). 

4, Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. lec is measured with all outputs open and all inputs at 4.5V. 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


A, B, or C to Y; 4 Levels 
of Delay (S151 only) 
A, B, or C to Y; 4 Levels 
of Delay ($251 only) 
A, B, or C to W; 3 Levels 
t 
AngeieN 
t 
iy Daw 
t 
Strobe to Y (S151 only) 
t 
Strobe to W (S151 only) 
| tzu | Output Enable to Y 
| tz_ | (S251 only) 


Vec = MAX:, Vin = 0.5 


Vcc = 5.0V, Ry = 2802, C_ = 15 pF 


Vcc = 5.0V, RL = 2800, Cy =5 pF 


| tuz | Output Enable to W 


tZH 
tZ2L 21 
Voc = 5.0V, RL = 2802, CL = 50 pF 

Output Enable to W ee L Serene 13 
(S251 only) 2 
| tHz — | Output Enable to Y 85 
(S251 only) 14 
(S251 only) 


FUNCTION TABLE LOADING RULES (In Unit Loads) 


INPUTS OUTPUTS 


Fan-out 


Dg 
D7 


$251 Input Output Output 
as. Output nie Input/Output Pin No.’s Unit Load HIGH LOW 
SELECT Control | $151 Output | $251 Output D3 1 1 = 
Cc BA S Y W Y W =e ee 
xX X xX H H H z.z 2 ee 
bob oL L L Do Do 
L bL oH L L D, OD, zi 
L HL L i D2 Do 5 
L HH ( L D3 «~D3 6 
H LoL L L Dag D4 7 
H LH L L Ds Dg 8 
H HL L L 3 
H H H L L 


H = HIGH X = Don't Care 
L=LOW Z = High Impedance 


Do-D7 =The output will follow the HIGH-level or LOW-level of 
the selected input. 


Do-D7 = The output will follow the complement of the HIGH- 
level or LOW-level of the selected input. 15 


Vcc 16 


A Schottky TTL Unit Load is defined as 50uA measured at 
DEFINITION OF FUNCTIONAL TERMS 2.7V HIGH and —2.0mA measured at 0.5V LOW. 


A,B,C The three select inputs of the multiplexer. 

Do, Di, D2, D3, 

D4,Ds5,Dg,D7 The eight data inputs of the multiplexer. 

Y The true multiplexer output. 

W The complement multiplexer output. 

S Strobe. On the Am54S/74S151, a HIGH on the strobe 
forces the Y output LOW and the W output HIGH. 


§ Output Control. On the Am54S/74S251, a HIGH on the 
output control (or strobe) forces both the W and Y outputs to 
the high-impedance (off) state. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN tNPUT 


Vcc 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 
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APPLICATIONS 


LOGIC FUNCTION GENERATION 


BD, D2 Dg Da Dg Dg D7 


Am54S/74S151 
Am54S/74S251 


Z = ABCD + ABCD + ACD + AB + ACD + BCD 


32-INPUT MULTIPLEXER 


INPUTS 


ENABLE 


pili 


Am93S21 
x 
u 
O 


2 
2 
a 
< 
i 
g 
a 
3 

E 
< 
uw 
fe} 
Py 


Fe 
rm 
Oo 


1 


S Do 0; Oz D3 Dg Ds Dg 07 S Dg 0; Dz 03 Dq Ds Dg D7 S Do Dy D2 03 D4 Ds Dg 07 S Dp Dy 02 03 04 Ds Dg 07 


A A 
Am54S/74S251 B Am54S/74S251 8 Am54S/74S251 Am54S/74S251 
8-INPUT MULTIPLEXER 8.INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 
c Cc c 
w Y w Y 
x ia 


MULTIPLEXER OUTPUT MULTIPLEXER OUTPUT 


Metallization and Pad Layout 


DIE SIZE: 0.055” X 0.068” 
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DEFINITION OF SWITCHING TERMS SCHOTTKY PARAMETER MEASUREMENTS 
(All switching times are measured at the 1.5V logic level unless FOR THREE-STATE OUTPUTS 


otherwise noted.) 


f max The highest operating clock frequency. LOAD TEST CIRCUIT 
tp_H The propagation delay time from an input change to an out- reer 
put LOW-to-HIGH transition. POINT 


tpy_ The propagation delay time from an input change to an RL i 
output HIGH-to-LOW transition. ENDEES ESE 


Pulse width. The time between the leading and trailing 


edges of a pulse. C, INCLUDES ALL DIODES 
9 P PROBE AND JIG IN9I6 OR 


Rise time. The time required for a signal to change from 10% CAPACITANCE 1N3064 
to 90% of its measured values. 


Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. S2 =o 


Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 

Hold time. The time interval for which a signal must be SET-UP, HOLD, AND RELEASE TIMES 
retained at one input after an active transition occurs at ; 


another input terminal. DATA WV YYW ti 


Note: For $151, remove, R41; Sq and So closed. 


V 
Release time. The time interval for which a signal may input —/VWVVVV\ NWVW\\ 


Vy 
be indeterminant at one input terminal before an active Fe toe 


transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some -— f —--—— 
manufacturers as a negative hold time). | ——$ 


HIGH to disable. The delay time from a control input change 
to the three-state output HIGH-level to high-impedance 
transition (measured at 0.5 V change). 


LOW to disable. The delay time from a control input change 

to the three-state output LOW-level to high-impedance transi- Notes: 1. Diagram shown for HIGH data only. Output transition may 
tion (measured at 0.5 V change). be opposite sense. 

Enable HIGH. The delay time from a control input change 2. Cross hatched area is don’t care condition. 

to the three-state output high-impedance to HIGH-level 

transition. 


Enable LOW. The delay time from a contro! input change 
to the three-state output high-impedance to LOW-level 


transition. SAME PHASE 
INPUT TRANSITION 


PROPAGATION DELAY 


OUTPUT 


UNIT LOAD DEFINITIONS 
HIGH LOW © pon Ht 
Measure Measure OPPOSITE PHASE 

SERIES Current Voltage Current Voltage INPUT TRANSITION 
Am25/26/2700 40 pA 2.4V —1.6mA 0.4V 
Am25S/268/27S 50uA 2.7V —2.0mA 0.5V 
Am25L/26L/27L 20yA 2.4V —0.4mA 0.3V 

_—"s 

Am25LS/26LS/27LS 20uA 2.7V —0.36mA 0.4V cow Alanicoy 
so a a L 
Am54/74 40uA 2.4V —1.6mA 0.4V 
54H/74H 50yuA 2.4V —2.0mA 0.4V 
a a ee HIGH-LOW-HIGH 
Am54S/74S 5OuA 2.7V —2.0mA 0.5V RULE 


eee 20uA = 2.4 | -08mA 0.4 : 
ee ENABLE AND DISABLE TIMES 


54L/74L $251 Only 
10 uA 2.4V -0.18MA 0.3V ; 
(Note 1) 5 oe Enable Disable 


Am54LS/74LS -0.36mA = O.4V 

a crs CONTROL 

Am9300 -1.6mA 0.4V eT 

Am93L00 0.3V 

Am93S00 50 nA 27V | -2.0mA i 05V NGAMAL LY LOW 

Am75/85 2H 


Am8200 OUTPUT 1.5V 
NORMALLY HIGH s, OPEN y 
___ ~OVv 


Note: 1. 5S4L/74L has two different types of standard inputs. 


PULSE WIDTH 


S2 OPEN 


Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Contro! Disable-H!GH., 
2.54 and Sg of Load Circuit are closed except where shown. 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 502; 
tr © 2.5 ns; te < 2.5ns. 


SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 
1 Input. 


ORIVING DEVICE ORIVEN DEVICE 
MINIMUM LOGIC 


HIGH” OUTPUT 
VOLTAGE O Output. 


com Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 


Ij, LOW-level input current with a specified LOW-level 
MINIMUM.LOGIC voltage applied. 


IMMUNITY “HIGH” INPUT 
res MQEERE In4  HIGH-level input current with a specified HIGH-level 
voltage applied. 


l -level output current. 
MAXIMUM LOGIC Vite OL LOW-level put f 


“LOW” OUTPUT wa MAXIMUM LOGIC - 
VOLTAGE YOL1 } et Ren lou HIGH-level output current. 


NOISE VOLTAGE 
IMMUNITY 
(LOW LEVEL) 


wn 
Ee 
a 
io} 
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| 
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uw 
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Isc Output short-circuit source current. 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Vi, Logic LOW input voltage. 
Logic HIGH input voltage. 
LOW-level output voltage with lo. applied. 


ee ase HIGH-level output voltage with Io), applied. 


SCHOTTKY SCHOTTKY 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure current. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


320 


——— “300 
(OUTSIDE) 
01 
ae SEATING 


PLANE 
Jt, 


ee 


Flat Package 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am54S/74S153°-Am54S/74S253 


Dual 4-Line -To -1-Line Data Selectors /Multiplexers 


Distinctive Characteristics 
@ Permits multiplexing from N lines to 1 line. 


@ Performs parallel-to-serial conversion. 


FUNCTIONAL DESCRIPTION 


These dual four-input multiplexers provide the digital equiv- 
alent of a two-pole, four position switch with the position 
of both switches set by the logic levels supplied to the 
select inputs A and B. Each section of the Am54S/74S153 
has a separate active-LOW enable (storbe) input that forces 
the output of that section LOW when a HIGH level is ap- 
plied regardless of the other inputs. 

The Am54S/74S253 features a three-state output to inter- 
face with bus-organized systems. Each section of the 
Am54S/74S253 has a separate active-LOW output control 
that disables the output driver (high-impedance state) of 
that section when a HIGH logic level is applied regardless 
of the other inputs. 


@ Am54S/74S253 provides three-state outputs for data 
bus organization. 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


LOGIC SYMBOL 


1CO 1€1 1C2 1C3 2C0 2C1 2C2 2C3 
——_ 


Ree an es 
1G _DATA1 DATA 2 
A SELECT Am54S/748153 
wecieer Am54S/74S253 


26 OUTPUT OUTPUT 


1¥ 2Y 


Vec = Pin 16 
GND = Pin8 


LOGIC DIAGRAM 


2G 23 22 2c1 20 A 8 1¢3 12 1c1 10 1G 
() O 
/ V/ Vv, VV 
© QO 
O 
Vy, 


ees 


__ S253 ONLY 


bit 


___ S253 ONLY 


G = Strobe on Am54S/74S153 
OUTPUT G = Output Enable on Am54S/74S253 OUTPUT 


2Y 


ORDERING INFORMATION 


Am54S/ Am54S/ 
748153 748253 
Package Temperature Order Order 

Type Range Number Number 
Molded DIP 0°C to +70°C SN74S153N SN74S253N 
Hermetic DIP 0°C to +70°C SN74S153J SN74S253J 
Dice 0°C to +70°C SN74S153X SN74S253X 
Hermetic DIP -55°C to+125°C SN54S153J SN54S253J 


Hermetic Flat Pak -55°C to+125°C SN54S153W SN54S253W 
Dice -55°C to+125°C SN54S153X SN54S253X 


1Y 


CONNECTION DIAGRAM 
Top View 


Am54S/74S153 
Am54S/74S253 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vcc max. 
DC Input Voltage —0.5V to+5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S 153, Am74S253 Ta = 0°C to +70°C Vec = 5.0 V +5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am54S153, Am54S253 Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters ’ Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Vec =MIN., 
Vin = Vin of Vin 


Volts 


Output HIGH Voltage 


Vcc = MIN., lot = 20mA 


Output LOW Voltage 
Vin = Vin or Vit 


Input HIGH Level 


Unit Load 
Input LOW Current 


Vo =2.4V 


V9 =0.5V 


Off-State (HIGH Impedance) 
Output Current 
Am54S/74S253 Only 


uA 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x tnput Load Factor (See Loading Rules). 
4 

5 


1 


. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
- loc is measured with all outputs open and all inputs grounded. 


Switching Characteristics (Ta = +25°C) 
’ Parameters Description Test Conditions Min. Typ. Max. Units 


Vcc = 5.0V, RL = 2802, CL = 15pF 


$153 
$153 
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FUNCTION TABLE 


INPUTS | outputs | 


$253 
Output 
Control 


Recetas ae eae 
omy xX |X x Xx H H | ee 
Lee x X xX L L L L 
L LH x X Xx L L H H 
L H}| X L Xx X L L L L 
L H| X H X X L L H H 
H LL} X x L xX L L L L 
H L |X x H xX L L H H 
H H|X Xx X L L L L L 
H H|X Xx X H L L H H 

H = HIGH X = Don't Care 
L = LOW Z = High Impedance 


Note: A & 8 are common to both 4 input multiplexers. 


DEFINITION OF FUNCTIONAL TERMS: 


1C;,2C; Data Inputs. The four data inputs to each multi- 
plexer; i=0, 1, 2, and 3. 

1Y, 2Y Multiplexer Outputs. The output of each four-input 
multiplexer. 

A,B Select Inputs. The inputs used to determine which of 
the four data inputs are selected for the output. 

G (Am54S/74S153) Strobe. An active-LOW strobe used to 
enable the output. A HIGH level input forces the output LOW 
regardless of the other inputs. 

G (Am54S/74S253) Output Control. An active-LOW three- 
state control used to enable the output. A HIGH level input 
forces the output to the high-impedance (off) state. 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Unit Load HIGH LOW 


1 
1 
1 


Input/Output Pin No.’s 


A Schottky TTL Unit Load is defined at 504A measured at,2.7V 
HIGH and -2.0 mA measured at 0.5V LOW. 


* 20 for the Am54S/74S153 


40 for the Am54S253 
130 for the Am74S253 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


ORIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown 
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APPLICATIONS 


WORD B 
TT, 


13 121 lo 4 l2 13 ICO 1C1 1C2 1€3  -2CO 2C1 2C2 2C3 
Ss] 


Am25S10 


FOUR- FT 
OUR-BIT SHIFTER Am54S/74S253 


Am54S/74S253 Dual 4-Input Multiplexer in a Bus-Organized System 


DEFINITION OF SWITCHING TERMS SCHOTTKY PARAMETER MEASUREMENTS 


(All switching times are measured. at the 1.5V logic level unless FOR THREE-STATE OUTPUTS 
otherwise noted.) 


f Max The highest operating clock frequency. 

tp_H The propagation delay time from an input change to an out- LOAD TEST CIRCUIT 
put LOW-to-HIGH transition. rest 

tpH~_ The propagation delay time from an input change to an 
output HIGH-to-LOW transition. FROM OUTPUT 


5 : : Se UNDER TEST 
Pulse width. The time between the leading and trailing 


edges of a pulse. paGRE AND IIG ALL DIGDES 
ise-ti i i i N916 0 
Rise-time. The time required for a signal to change from 10% CAPACITANCE inate R 


to 90% of its measured values. 


Fall time. The time required for a signal to change from 90% 6 
to 10% of its measured values. $2 


Set-up time. The time interval for which a signal must be = 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 


Hold time. The time interval for which a signal must be SET-UP, HOLD, AND RELEASE TIMES 


retained at one input after an active transition occurs at 


another input terminal. 
VAMAAY TAVAVAVAVAVAY, 
Release time. The time interval for which a signal may put hh TUR 
be indeterminant at one input terminal before an active jents 

transition occurs at another input terminal. (The release time 

falls within the set-up time interval and is specified by some 


manufacturers as a negative hold time). 


HIGH to disable. The delay time from a control input change 
to the three-state output HIGH-level to high-impedance 
transition (measured at 0.5 V change). 

LOW to disable. The delay time froma control input change 
to the three-state output LOW-level to high-impedance transi- 

tion (measured at 0.5V change). Notes: 1. phate blabla HIGH data only. Quteur transition may 
Enable HIGH. The delay time from a control input change 2. Grete ashen ares is don’t care condition. 

to the three-state output high-impedance to H!GH-level 
transition. 

Enable LOW. The delay time from a control input change 
to the three-state output high-impedance to LOW-level 
transition. 


Note: For S153, Remove Ry, and So closed. 


PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION 


‘PLH 


UNIT LOAD DEFINITIONS 


HIGH Low 
Measure Measure 
SERIES Current Voltage Current Voltage abu TRANS ION So 


Am25/26/2700 | 40uA —-2.4V | -1.6mA__—O0.4V_ 

Am25S/26S/27S | Sowa 2.7V. | —2.0mA 0.5V : 
Am25L/26L/27L 20pA 2.4V wie mA 0.3V PULSE WIDTH 
Am25LS/26LS/27LS Is 20uA2.7V. | -0.36mA—0.4V 
Am84/74 40uA so. a —1.6mA 0.4V 
54H/74H | 50uA =. 2.4V_ | —2.0mA 0.4V 

Am54S/74S 50uA—2.7V. | —2.0mA 0.5V eee 


S54L/74L 
(Note 1) 


54L/74L 
(Note 1) 
AmS4LS/74LS. | 20nA 27V | -036mA 04V Enable =—Diisable 


Am9300 40 uA 2.4V —1.6mA 0.4V SNe _ 
Am93L00 T 20uA 2.4V —0.4mA 0.3V 


LOW-HIGH-LOW 
PULSE 


20 uA 2.4V —0.8mA 0.4V 


: ENABLE AND DISABLE TIMES 
10uA 24V | -0.18mA 0.3V $253 Only 


Am93S00 50yuA 2.7V —2.0mA 05 V 
Am75/85 40yuA 2.4V st —1.6mA 0.4V 
— 


OUTPUT 
NORMALLY LOW 


VoL 
HZ I 


Am8200_ 40ynA 45V —1.6mA 0.4V > Von 
OUTPUT ; 
Note: 1. 54L/74L has two different types of standard inputs. NORMALLY HIGH $y OPEN/| 


0.5V 


Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Contro! Disable-HIGH. 
2.S4 and Sg of Load Circuit are closed except where shown. 


Note: 1, Pulse Generator for Al} Pulses: Rate < 1.0MHz; Z, = 502; 
ty < 2.5ns; te S 2.5ns. 
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SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H_ HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 


DRIVING DEVICE DRIVEN DEVICE 
MINIMUM LOGIC { Input. 
“HIGH OUTPUT 
VOLTAGE O Output. 
coM’L . ; F 
Negative Current Current flowing out of the device. 


Positive Current Current fi owing into the device. 


ty, LOW-level input current with a specified LOW-level 
MINIMUM.LOGIC . 
IMMUNITY “HIGH” INPUT voltage applied. 


(HIGH LEVEL) VOLTAGE r 7 ree 
(4 HIGH-level input current with a specified HIGH-level 
voltage applied. 


SRIMOMILOGIC Vitg LOW-level output current. | 
“LOW” OUTPUT ue ok MAXIMUM LOGIC 
VOLTAGE RE OCOwe INPUT HIGH-level output current. 
—— wb" 
NOISE VOLTAGE . . 
IMMUNITY Output short-circuit source current. 
(LOW LEVEL) 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Logic LOW input voltage. 
Logic HIGH input voltage. 
LOW-level output voltage with |) applied. 


Pea Prec HIGH-level output voltage with IG), applied. 


DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure current. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


300 
{OUTSIDE} 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 2—74 


Am54S/74S157 -Am54S/74S158 -Am93S22 


Quadruple 2-Line-to-1-Line Data Selectors, Multiplexers 


Distinctive Characteristics 
@ Schottky clamp provides improved A-C performance. 


@ Selects four of eight data inputs with single select 
line and over-riding strobe. 


@ Inverting or non-inverting data output configurations. 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


These data selectors/multiplexers are used to select a 4-bit 
word from one of two sources. The four outputs at the 
Am54S/74S157 e Am93S22 present true data with respect 
to the input data. The four outputs of the Am54S/74S158 
present inverted data with respect to the inputs and also 


5 6 141 10 14 13 11 10 14 13 


1A 1B 2A 28 3A 38 4A 4B 1A 1B 2A 2B 3A 3B 4A 4B 


Am54S/74S157 


Am93S22 Am54S/74S158 


minimize propagation delay. A common active-HIGH strobe 
(active-LOW enable) is provided on all devices. 


A single select line, S, is used to select one of the two 
multiplexer input words. When the select is LOW, the A 
input word is present at the output. When the select is 


: : Vec = Pin 16 
HIGH, the B input word is present at the output. cece 


GND = Pin8 


Vec = Pin 16 
GND = Pin8 


LOGIC DIAGRAMS 


STROBE G 


SELECTS 


Am54S/74S157 e Am93S22 


3A (t1) 


3B (10) 


aa (14) 


48 


ORDERING INFORMATION 


(7) oy 


3Y 


4yY 


Am54S/74S 158 


CONNECTIONS DIAGRAMS 


Part Package Temperature Order Top Views 
Number Type Range Number 
Molded DIP 0°C to +70°C SN74S157N 
Hermetic DIP 0°C to +70°C SN74S157J 
Am54S/ Dice 0°C to +70°C SN74S157X 
74S157 Hermetic DIP ~55°C to +125°C + SN54S157J 
Hermetic Flat Pak ~55°C to +125°C SN54S157W 
Dice —55°C to +125°C SN54S157X 
Molded DIP O°C to +70°C SN74S158N 
Hermetic DIP 0°C to +70°C SN74S158J 
Am54S/ Dice O°C to +70°C SN74S158X 
748158 Hermetic DIP ~55°C to+125°C SN54S158J 
Hermetic Flat Pak ~55°C to +125°C SN54S158W 
Dice —~55°C to +125°C SN54S158xX 
Molded DIP O°C to +70°C 93S22PC 
Hermetic DIP 0°C to +70°C 93S22DC 
Dice 0°C to +70°C 93S22XC 
PTE I2S. - Aetenatie DIP ~55°C to +125°C + 93S22DM 
Hermetic Flat Pak ~55°C to+125°C 93S22FM Note: Pin 1 is marked for orientation. 
Dice ~55°C to+125°C 93522XM 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


—65°C to +150°C 


Temperature (Ambient) Under Bias 


—55°C to +125°C 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 


DC Input Current 


—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S157, Am74S158, Am93S22XC Ta = 0°C to +70°C Voc = 5.0V 5% (COM'L) MIN, = 4.75V MAX. = 5.25V 
Am54S 157, Am54S 158, Am93S22XM Ta = —55°C to +125°C Vec = 5.0V 10% (MIL) MIN. = 4.5V MAX, = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Vcc = MIN., lo =—1mA 
Output HIGH Voltage ce OH 


Vin = VyH Or Vit COM'L 


Vcc =MIN., lot = 20mMA 


Output LOW Voltage 


VIN = Vid oF VIL 


Guaranteed input logical HIGH 
voltage for all inputs 


Input Clamp Voltage Vec =MIN., lpn = —18MA 


Ye SorG 5 2 
(Note 3) Input LOW Current Rave Vcc = MAX., Vin =0.5V 
NW SorG _ _ 
(Note 3) Input HIGH Current Race Vec = MAX., Vin =2.7V 


| ty [Input HIGH Current Voc = MAX., Vin = 5.5V 


Output Short Circuit Current 7 a 
(Note 4) Vcc = MAX., Vout = 0.0V 


Vcc = MAX. 


{ 
Power Supply Current (Note 5) 


1 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. lec is measured with all outputs open and 4.5V applied to all inputs. 


Switching Characteristics (Ta = +25°C) 


Parameters Description Test Conditions Min. Typ. 


: 
Pine eee 
Vec =5.0V, CL = 15pF, Ry = 2802 


Strobe to Output 
$158 : 
$157 


Select to Output 
a S158 


$157 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


FUNCTION TABLE 


H =HIGH 
L=LOW 
X = Don’t Care 


DEFINITION OF FUNCTIONAL TERMS 


1A, 2A, 3A, 4A The data inputs for the 4-bits of the A word. 
1B, 2B, 3B, 4B The data inputs for the 4-bits of the B word. 
1Y,2Y 3Y,4Y The four outputs of the multiplexer. 

G Strobe When the strobe is HIGH, the four outputs of the 
Am54S/74S157 (Am93S22) are LOW and the outputs of the 
Am54S/74S158 are HIGH. When the strobe is LOW, the 
devices are enable to pass data. 

S Select When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


Ss 1 2 = - 
1A 1 - 

1B 1 - 

1Y 
2A 
2B 
2Y 


WOLOIin ai ams;hil orn 


3Y 
3B 
3A 


_ 
o 


~ 
~ 


= 
nh 


= 
w 


A Schottky TTL Unit Load is defined as 50uA measured 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 


STROBE 


Ao 


Ay 
BCD 


ADDRESS Ag 


A3 


Do 0; D2 


APPLICATION 


MULTIPLEXER 1 | MULTIPLEXER 2 
os 1a{081 38 


1A 1B 2A 2B 3A 3B 4A 48 
AmS4S/74S157 
Am93S22 
QUAD 2-INPUT 
MULTIPLEXER 


3Y 4Y 


D3 D4 Ds Dg D7 AS Do Dy D2 D3 Dg Dg Dg D7 


Am54S/74S151 Am54S/74S151 
8-INPUT 8-INPUT 
MULTIPLEXER MULTIPLEXER 


MULTIPLEXER 1 MULTIPLEXER 2 
OUTPUT OUTPUT 


Dual 10-Input Multiplexer 


Two 10-input multiplexers are shown above with the select lines common to the two multiplexers. Inputs 
are selected by an 8421 BCD Address. 


Am54S/74S157 


DIE SIZE 0.065” X 0.069” 


Metallization and Pad Layouts 


Am54S/74S158 


DIE SIZE 0.065” X 0.069” 


DEFINITION OF SWITCHING TERMS UNIT LOAD DEFINITIO 
(All switching times are measured at the 1.5V logic level unless HIGH 


otherwise noted.) Measure 


SERIES Current Voltage 
fmax The highest operating clock frequency. Am25/26/2700 40pA 24V 


tpLH The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. Am25S/26S/27S 50pA 2.7V 


tpH_ The propagation delay time from an input change to an Am25L/26L/27L 20uA 24V 

output HIGH-to-LOW transition. Am25LS/26LS/27LS 20uA 27V 
Pulse width. The time between the leading and traiting shy # : 

edges of a pulse. Am54/74 40pA 2.4V 
Rise time. The time required for a signal to change from 10% 54H/74H 50 uA : 2.4V 
to 90% of its measured values. . 
Fall time. The time required for a signal to change from 90% Am54S/74S 50 uA 2.7V 
to 10% of its measured values. 54L/74L 
Set-up time. The time interval for which a signal must be (Note 1) 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. S4L/74L 10pA 24AV 
Hold time. The time interval for which a signal must be (Note 1) 
retained at one input after an active transition occurs at Am54LS/74LS 20uA 2.7V 
another input terminal. 4 24 
Release time. The time interval for which a signal may Am9300 OnA rAd 
be indeterminant at one input terminal before an active Am93L00 20 pA 24V 
transition occurs at another input terminal, (The release time 
falls within the set-up time interval and is specified by some Am93S00 5OuA 2.7V 
manufacturers as a negative hold time). Am75/85 40yA 24V 


20 uA 2.4V 


Am8200 40 pA 4.5V 


NS 
LOW 


Current 
—-1.6mA 


—2.0mA 
—0.4mA 
—0.36mA 
—1.6mA 
—2.0mA 
—2.0mA 


—0.8mA 


—0.18mA 


—0.36mA 
—1.6mA 
—0.4mA 
—2.0mA 
—1.6mA 
-1.6mA 


Measure 
Voltage 


0.4V 
0.5V 
0.3V 
0.4V 
0.4V — 
0.4V 
0.5V 


0.4V 


0.3V 


0.4V 
0.4V 
0.3V 
0.5V 
0.4V 
0.4V 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES LOAD TEST CIRCUIT 


TIMING FROM OUTPUT 
(INPUT Re EY ea UNDER TEST 


C, INCLUDES 
PROBE AND JIG 
CAPACITANCE 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don’t care condition, 


PROPAGATION DELAY 


SAME PHASE ; ; 
INPUT TRANSITION — ———-_ ————eee f LOW Pe oaiee 


HIGH-LOW-HIGH 


OUTPUT PULSE 


OPPOSITE PHASE __ 
INPUT TRANSITION 


Note: 1. Pulse Generator for Ail Pulses: Rate < 1.0MHz; Z, = 502, t, < 2.5ns; te < 2.5ns. 


ALL DIODES 
1N916OR 
1N3064 


SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 


DRIVING DEVICE DRIVEN DEVICE L LOW, applying to a LOW voltage level. 


MINIMUM LOGIC 1 Input. 
“HIGH” OUTPUT 


VOLTAGE O Output. 
cOM‘L A 
Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 


ty, LOW-level input current with a specified LOW-level 
MINIMUMeLOGIC : 
IMMUNITY “HIGH” INPUT voltage applied. 


(HIGH LEVEL) VOLTAGE . 2 Pas 
Ijy HIGH-level input current with a specified HIGH-level 
voltage applied. 


Vv ~| 
sain Logic Ika LOW-level output current. 


“LOW” OUTP ros 
NOLTAGE fOLy FEISS SS TOWEL HIGH-level output current. 


VOLTAGE 2 . 
IMMUNITY Output short-circuit source current. 


{LOW LEVEL) 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Vit Logic LOW input voltage. 
Vin Logic HIGH input voltage. 
Vo_ LOW-level output voltage with Io, applied. 


ORIVING DRIVEN - i i 
eee genIVEN Vou HIGH-level output voltage with Io, applied. 


DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


300 
{OUTSIDE} 


015 
Min. SEATING 
PLANE 


i 


ADVANCED 
MICRO 

DEVICES INC: 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am54S/74S174-Am54S/74S175 


Hex Quadruple D-Type Flip Flops With Clear 


Distinctive Characteristics ®@ Positive edge-triggered D flip-flops 
@ 4 Bit and 6-Bit high-speed parallel registers. ®@ 100% reliability assurance testing in compliance with 
@ Common clock and common clear. MIL-STD-883. 


FUNCTIONAL DESCRIPTION | LOGIC SYMBOLS 


The Am54S/74S174 is a six-bit, high-speed register and 
the Am54S/74S175 is a four-bit, high-speed register built 
using advanced Schottky technology. The registers consist 
of D-type flip-flops with a buffered common clock and an fp 20 01 D2 Dy D4 Os Dy D2 


asynchronous active LOW buffered clear. Am54S/74S174 Am54S/745175 
6-8IT REGISTER 4BIT REGISTER 


When the clear is LOW, the OQ outputs are LOW independent Q; OQ) 03 O4 Os 
of the other inputs. Information meeting the set-up require- 

ments of the D inputs is transferred to the Q outputs on the 

positive-going edge of the clock pulse. 


Vec= Pin 16 
GND = Pin8 


LOGIC DIAGRAMS 


Am54S/74S174 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 


Am54S/ Am54S/ 

_ 748174 748175 

Package Temperature Order Order 
Type Range Number Number 


Molded DIP O°C to +70°C SN74S174N SN74S175N 
Hermetic DIP, - O°C to+70°C SN74S1743 SN74S175J 
Dice 0°C to+70°C SN74S174X SN74S175X 
Hermetic DIP -55°C to+125°C 1 SN54S174J SN54S175J 
Hermetic Flat Pak -55°C to+125°C SN54S174W SN54S175W 
Dice ~-55°C to+125°C SN54S174X SN54S175X 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias , —55°C to +125°C 
Supply Voltage to Ground Potential Continuous s -—0.5V to+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max. 
DC [Input Voltage —0.5 V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am748174, Am74S8175 Tp = OC to +70°C Vec = 5.0V 45% (COM’L) MIN. =4.75V MAX. =5.25V 
Am548174, Am54S175 Ta =-55°C tot+125°C Veo = 5.0V £10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 
Vou Output HIGH Voltage a On 27 | Volts 
dj Vin = Ving or Vie 54S 2.5 3.4 


TT Vee =MIN., loy = 20mA 
VIN = Vin OF VIL 


Vin | Input HIGH Level Guaranteed input logical HIGH voltage 2.0 i Volts 


for all inputs © 
= 4 
VIL 


VoL Output LOW Voltage 


| 

nN : 
z 2 

> 


Guaranteed input logical LOW voltage Ue 0.8 
for all inputs 


Vec = MIN., lin, = —18MA 


Input LOW Level 


Input Clamp Voltage 


Nie Unit Load te = 
(Note 3) Input LOW Current Vec = MAX., Vin = 0.5V 
NH Unit Load 2 J) A 
(Note 3) Input HIGH Current ViCG MA NIN, ede ae 
Lay | Input HIGH Current Vec = MAX., Vin =5.5V | 1.0 | mA 
L Isc | jceap Circuit Current Vec = MAX., Vout = 0.0V _40 ~100 mA 


$174 90 


144 
Power Supply Current = 
I Vec = MAX. mA 
ce (Note 5) we S175 60 | 6 | 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25 C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4 

5 


. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. Alfoutputs open and 4.5V applied to the data and clear inputs. Measured after a momentary ground, then 4.5V applied to the clock input. 


Switching Characteristics (T,~ = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


tPLH 

Clock to Output : 
tPLH 

Clear to Output 


t Pulse Width : 
Ps 


Data Set-up Time 


Vcc =5.0V, Cy = 15pF, Ry = 2802 


Set-up Time. Clear Recovery (in-active) 


ts 


th Data Hold Time 
fMax Maximum Clock Frequency 


Am54S/74S174 LOADING RULES (In Unit Loads) Am54S/74S175 LOADING RULES (In Unit Loads) 


Fan-out Fan-out 
Input Output Output . Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW Input/Output Pin No.’s UnitLoad HIGH LOW 


CL 1 1 = se Cl 1 1 - _ 
Q = 20 10 a 20 10 


Do 1 = = 20 
1 1 


OO; @aO;n! Moy fl WINS 
O;} CO} NS] MO} ol &) OLN 


FUNCTION TABLE . DEFINITION OF FUNCTIONAL TERMS 
Dj The D flip-flop data inputs. 


INPUTS OUTPUTS CL Clear. When the clear is LOW, the Qi outputs are LOW, 
Clock regardless of the other inputs. When the clear is HIGH, data 
Su | Glock 18; | ot | Oi can be entered in the register 


CP Clock pulse for the register. Enters data on the positive 
transition. 

Q; The TRUE register outputs. 

Qj; The complement register outputs. 


H = HIGH X = Don't Care 
L = LOW NC = No Change 
t = LOW-to-HIGH Transition 


Note: G; on AmS54S/74S175 only 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8kQ. NOM 


Note: Actual current flow direction shown. 
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APPLICATION 


+ 
nN 
7” 
no 
zt 
Ss 
~~ 
Ga 
+ 
0 

€ 
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(Am2506 E = Sg = HIGH; M = Sq = Sa = S3 = LOW) 


6-Bit Input, Integrate and Dump for 
Magnitude-Only Arithmetic (65 samples min. before overflow) 


Metallization and Pad Layout 
Am54S/748174 Sta BROW any Pee hayes Am54S/74S8175 


DIE SIZE 0.085" X 0.081" DIE SIZE 0.085"" X 0.081” 


DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


fMax The highest operating clock frequency. 


tPLH 


tPHL 


The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 

Pulse width. The time between the leading and trailing 
edges of a pulse. 

Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 


Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 


Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 


Hold time. The time interval for which a signa! must be 
retained at one input after an active transition occurs at 
another input terminal. 

Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 


SERIES 


UNIT LOAD DEFINITIONS 


HIGH 
Measure 
Voltage 


LOW 
Measure 
Voltage 


Current Current 


Am25/26/2700 
Am25S/268/27S 


Am25L/26L/27L 


Am25LS/26LS/27LS 


0.4V 


Am54/74 
54H/74H 


— 


Am54S/74S 


54L/74L 
(Note 1) 


0.5V 


0.4V 


54L/74L 
(Note 1) 


Am54LS/74LS 


—0.18mMA 0.3V 


—0.36 mA 


Am9300 


0.4V 
2.4V 


Am93L00 


—1.6mA 0.4V 
2.4V —0.4mA 0.3V 


Am93S00 
Am75/85 


2.7V | —2.0mA 


2.4V —1.6mA 


0.5V 
0.4V 


Am8200 


Note: 1. 


54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES 


TIMING 


INPUT 


Notes: 1. Diagram shown for HIGH data only. Output 


INPUT TRANSITION — 


OUTPUT 


OPPOSITE PHASE __ 
INPUT TRANSITION 


transition may be opposite sense. 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY 


SAME PHASE 


3V 


1.5V 
ov 


Note: 1. Pulse Generator for All Pulses: 


LOAD TEST CIRCUIT 


FROM OUTPUT 
UNDER TEST 


ALL DIODES 
1N9160R 
1N3064 

C INCLUDES 

PROBE AND JIG 

CAPACITANCE 


PULSE WIDTH 


LOW-HIGH-LOW ____ 


PULSE 


HIGH-LOW-HIGH 


PULSE 


Rate < 1.0MHz; Z, = 502, t, < 2.5ns; ty < 2.5ns. 
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SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 


DRIVING DEVICE ORIVEN DEVICE 


MINIMUM LOGIC 1 Input. 
“HIGH” OUTPUT 
VOLTAGE O Output. 
COM'L i : . 
Negative Current Current flowing out of the device. 


Positive Current Current flowing into the device. 


Ij, LOW-level input current with a specified LOW-level 
MINIMUMLOGIC . 
IMMUNITY “HIGH” INPUT voltage applied. 
(HIGH LEVEL VOLTAGE . . og 
ly HiGH-level input current with a specified HIGH-level 
voltage applied. 
cssimanioaie Vito lo. LOW-level output current. 


“LOW” OUTPUT if aR MAXIMUM LOGIC - 
VOLTAGE. _YOL1 fi : Solari hers H!IGH-level output current. 


VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Fie oe Output short-circuit source current. 


EONEENen lec The supply current drawn by the device from the Vec 


power supply, 


Vit Logic LOW: input voltage. 


Vin Logic HIGH input voltage. 
VoL LOW-level output voltage with Io, applied. 


DRIVING DRIVEN 3 i ied. 
DRIVING <ORIVEN Vou HIGH-level output voltage with Igy applied 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


.150 4.020 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibitity for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 2—74 
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Am54S/74S181 


Four-Bit Arithmetic Logic Unit/Function Generator 


Distinctive Characteristics 


e Advanced Schottky technology 

@ Performs 16 arithmetic operations including add, sub- 
tract, double and compare. 

@ Performs’ all 16 possible logic operations of two 
variables in typically 11ns. 


®@ Typical 4-bit add time is 11ns and carry time is 6ns. 

@ Full look-ahead capability for high-speed arithmetic 
operation on long words. 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am54S/74S181 is a 4-bit, high-speed parallel Arithmetic 
Logic Unit (ALU)/Digital Function Generator. When the 
mode control (M) is LOW the 16 arithmetic operations are 
performed under the control of the four select inputs. 
When the mode control is HIGH the sixteen logic opera- 
tions are performed on an individual bit basis between the 


two 4-bit parallel words under the control of the four- 


select inputs. 


An internal full look-ahead carry scheme is used for high- 
speed arithmetic operations and provision is made for 
further look-ahead by including both carry propagate (P) 
and carry generate (G) outputs. 


LOGIC DIAGRAM 


* ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +70°C SN74S181N 
Hermetic DIP O°C to +70°C SN74S181J 
Dice O°C to +70°C SN74S181X 
Hermetic DIP —55°C to +125°C SN54S181J5 
Hermetic Flat Pak —55°C to +125°C SN54S181W 
Dice —55°C to +125°C SN54S181X 


An open collector output A = B is used to signal the 
equivalence of the two parallel words. The open collector 
feature allows for the equivalence function to be expanded 
as a wired-AND connection for larger word lengths. . 


In many systems, the carry output C,+44 is connected to 
the next higher C,, to provide ripple block arithmetic. The 
ALU can be used with either active HIGH or active LOW 
inputs and can be ripple expanded or full look-ahead ex- 
panded in either mode. The connection pattern is identical 
for either logic representation. 


LOGIC SYMBOLS 


ACTIVE LOW 
23 22 21 20 


Ay By Ag Bg 
Am54S/74S181 
Fy Fo 


T 


10 WwW 


ACTIVE HIGH 
23 22 «21 «20 


Ay By Az Bg 


Am64S/74S181 


Vcc = Pin 24 
GND = Pin 12 


CONNECTION DIAGRAM 
Top View 


Am54S/74S181 


2 


Ag 


Note: Pin 1 is marked for orientation. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 


DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


Am748181 Ta =0°C to +70°C Vec = 5.0V' +5% (COM’L) MIN. = 4.75V MAX, = 5.25V 
Am548181 Ta =— 55°C to +128°C Voc = 5.0V +10% (MIL) MIN. = 4.5V MAX, = 5.5V 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Output HIGH Voltage Vcc =MIN., loy =—1mMA | sas | 25 | 
OH (Except A=B Output) Vin = Vin or Vit 27 
Vcc = MIN., lo_ = 20mA 
Output LOW Voltage 
Input HIGH Level Guaranteed input logical HIGH voitage 2 
for all inputs 


Vv 
Vit Input LOW Level Guaranteed input logical LOW voltage 
; for all inputs 


ane 
[Input Gimp Valine ————*d Vc = MIN tite 
a 
= 
ee 
ia 


Vec = MIN., V =5.5V 
Output HIGH Current for A=B Output Wace Vin or Vie 


I a 7 
th Input LOW Current Vcc = MAX., Vin = 0.5V 


(Note 3) 


Ny 
(Note 3) 


py Input HIGH Current Vcc = MAX., Vin = 5.5V 
1 Output Short Circuit Current 
Sc (Note 4) (Except A = B Output) 
Vec = MAX. 


Power Supply Current (Note 5) — Vcc = MAX., Ta = 125°C 
Am54S Flat Package (W) Only 


Input HIGH Current Vcc = MAX., Vi = 2.7V 


Notes: For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 2 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

lec is measured under two conditions — typ. and max. apply to both. 

A. Sj, M, Aj at 4.5V; all other inputs grounded; outputs open, 

3-74 B. Sj, M at 4.5V; all other inputs grounded; outputs open. 


VT PENS 


SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, CL = 15 pF, RL = 2802) 


Parameter 


Ch 


From (Input) 


To (Output) 


Cn+4 


i 
G 


Fj 


A plus B 
AB plus [A+B] 


A plus AB 


A plus A (2 x A) 
Aplus AB B 
B 


oa a es es ee 


L = LOW Voltage Level 
H = HIGH Voltage Level 


A 


M = 4.5V (LOGIC mode) 


Test Conditions 


M=0V 
(SUM or DIFF mode) 
M = OV, Sg = S3 = 4.5V, 
S71 = Sg = 0V (SUM mode) 
M = OV, Sg=S3 = OV, 
$1 = S9 = 4.5V (DIFF mode) 
M = OV, Sg = S3 = 4.5V, 
$1 = Sg = OV (SUM mode) 
M = OV, So = §3 = OV, 
$1 = S2 = 4.5V (DIFF mode) 
M = OV, Sg = S3 = 4.5V, 
S1 = Sg = OV (SUM mode) 
M = OV, So = $3 = OV, 

S1 = S9 = 4.5V (DIFF mode) 
M = OV, So = S3 = 4.5V, 
S1 = Sz = OV (SUM mode) 

M = OV, Sg = $3 = OV, 
S41 = S2 = 4.5V (DIFF mode) 


M = OV, Sg = S3 = 4.5V, 
S1 = Sz = OV (SUM mode) 


M = OV, Sg = $3 = OV, 
S1 = S2 = 4.5V (DIFF mode) 


OPERATION TABLE 


CONTROL INPUTS ACTIVE LOW INPUTS AND OUTPUTS 


Arithmetic (M = L, C,, = L) 


AB minus 1 
AB minus 1 


A 
A 


= 
nN 
nN 
P 


ACTIVE HIGH INPUTS AND OUTPUTS 


Arithmetic (M= L, C, = H) 


A+B 
A+B 
minus 1 (2's comp.) 
A plus AB 
AB plus [A + B] 
A minus B minus 1 
AB minus 1 
A plus AB 
A plus B 
AB plus [A + B] 
AB minus 1 


A plus A (2 x A) ; 


A plus [A + B] 
Aplus [A + B] 
A minus 1 


Logic (M = H) 
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DEFINITION OF FUNCTIONAL TERMS 
Ao, A1, A2, A3 The A data inputs. 
Bo, B1, Bz, B3_ The B data inputs. 


So, §1,82,$3 The control inputs used to determine the 
arithmetic or logic function performed. 


Fo, F4, F2, F3 The data outputs of the ALU. 


M The mode control inputs used to select either the arith- 
metic or logic operations. 


Cy The carry-in input of the ALU. 
Cn+4 The carry-look-ahead output of the four-bit input field. 


G The carry-generate output for use in multi-level look- 
ahead schemes. 

P The carry-propagate output for use in multi-level look- 
ahead schemes. 

A=B8B The open collector comparator output that can be used 
to determine equivalence. This output is HIGH whenever the 
four F outputs are HIGH. 


USER NOTES 


1, Throughout this data sheet, the active LOW input and 
output terminology has been used. For the active HIGH 
definition, the nomenclautre shown under the active 
HIGH logic symbol! should be substituted. 

. Arithmetic operations are performed on a word basis. 

. Logic operations are performed on a bit basis. 

. Arithmetic in 1’s complement notation requires an end 
around carry. 

. Subtraction in 2’s complement notation requires a carry 
in (Cy = HIGH) for the active LOW case and (Cy = LOW) 
for the active HIGH case. 

. The A = B output only indicates that the four F outputs 
are all HIGH. : 


LOADING RULES (In Unit Loads) 


Output Drive 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 
Bo 1 
Ao 
$3 
$2 


Gl} DI 
nm | NM }o 


A 
By 
A 


= 


Vcc = 
O/C = Open Collector 


A Schottky unit load is defined as 50uA measured at 2.7V HIGH 
and —2.0 mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


A=B OUTPUT 


DRIVING OUTPUT 
(Except A = B) DRIVEN INPUT 
Vec 

UNIT LOAD 

2.8k2. NOM 


Actual current flow direction shown. 


SUM MODE TEST TABLE 
FUNCTION INPUTS: Sg = S3 = 4.5V, Sy =S9 =M = OV 


ghey t Other Data Inputs 
Input Output Output 


Parameter | Under Test | Apply 4.5V } Apply 0V Apply 4.5V Apply 0V Under Test Waveform 
; f Remaining A and B 
tPHL 
- tPLH Remaining A andB Ch 
tPHL 
tPHL 


tPLH 
tPHL 
tPLH 
tPHL 


t -_ uo 
ete None Remaining A and B,Cnh 


tPHL 
*PLH ; i Remaining B Remaining A, Ch 


tPHL 


; = = 
PLH : F Remaining B Remaining A, Cy 
tPHL 


tPLH 
tPHL 
tPLH 
tPHLE 
SPLH A AUB 
tPHL 


Remaining A and B 


Remaining A and 8, Ch 


Remaining B 


Remaining B 


DIFF MODE TEST TABLE 
FUNCTION INPUTS: S1 =S9 = 4.5V, Sg =S3 =M=O0V 


pra ras Other Data Inputs 
Output Output 


Parameter | Under Test | Apply 4.5V | Apply 0V Apply 4.5V Apply 0V Under Test Waveform 


ea N Remaining A Remaining B, C, 
tPHL lone emaining emaining B, Cy 
- J nome | Remining | deataliti e “a 


> 


tPHL 
tPLH 
tPHL 
tPLH 
tPHL 
tPLH 
tPHL 
tPLH 


Remaining A and B, Ch 
tPHL 
tPLH 


Remaining A and B, Ch 
tPHL 
t - _ a 
ELH i Bj None Remaining A Remaining B, Cy 
tPHL 
t a = 
rf heruats ‘i a 


tPHL 
Remaining A and B, Ch 


tPLH = 

L 5; 

tPHL 
pm | te | eee ‘i ie a ad 
[some | . ‘i ne 


tPLH 
tPHL 
LOGIC MODE TEST TABLE 
FUNCTION INPUTS: $1 =S9 =M = 4.5V, Sg = S3 = OV 


tPLH 
tPHL 
tes ee ft Other Data Inputs 
input Output Output 
Parameter | Under Test | Apply 4.5V | Apply 0V Apply 4.5V Apply 0V Under Test Waveform 


Remaining A and B, Ca oo 
Remaining A and B, Ch 


tPLH 
tPHL 
| nome pea A os seh : 
acaias - 


tPLH 
Ai 
Remaining A and B, Ca 


Remaining A and B, Cy 


-|> “> 


G 
3 


APPLICATIONS 


12-Bit Adder /Subtractor 
(2's Complement) 


io] 


L = SUBTRACT 


1/4 of 
Am54S/748175 


a 
a] 


As Bl Ag Bg Az 87 Ag Bg Aro B19 

Ag By Ay By Ad 8B Ag Bg Ay By Az By Ag 83 Ay By Ag By 
i a ania 2 82 ie 5 i 

Am54S/74S181 Am54S/74S181 AmS4S/74S181 


Fo Fi Fo 


Function Table 
= Active HIGH B= Active LOW 


Arithmetic (M = L, C, =H)| Logic (M =H) 
z — 


If one input is defined active—HIGH and the second input A+B 
is defined active-LOW, the sixteen arithmetic and logic A+B 


functions of the ALU are reordered as shown in the minus 1 (2’s comp.) 
function table. 


A plus AB 
AB plus [A + B] 


AB minus 1 
ALU Am54S/74S181 


SELECT A A plus AB 


Ay By Ag By 


Aminus B minus 1 
AB plus [A + B] 
AB minus 1 
A plus A (2 x A) 
A plus [A + B] 
A plus [A + B] 
A minus 1 


L = Low Voltage: Level 
H = High Voltage Level 


Metallization and Pad Layout 


Bo Vcc 


11:12 13 
Fa GND Fy 


DIESIZE: = 0.083" X 0.091” 


DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


fax The highest operating clock frequency. 


tpLH The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

tpHt_ The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 
Pulse width. The time between the leading and trailing 
edges of a pulse. 
Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 
Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 
Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 
Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 
Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 


UNIT LOAD DEFINITIONS 


HIGH 
Measure 
Voltage 


2.4V 
2.7V 
2.4V 
2.7V 
2.4V 
2.4V 
2.7V 


LOW 
Measure 
Voltage 


0.4V 
0.5V 
0.3V 
0.4V 
0.4V 
0.4V 
0.5V 


SERIES 
Am25/26/2700 


Am25S/268/27S 
Am25L/26L/27L 
Am25LS/26LS/27LS 
Am54/74 

54H/74H 
AmS4S/74S 


54L/74L 
(Note 1) 


54L/74L 
(Note 1) 


Am54LS/74LS 
Am9300 
Am93L00 
Am93S00 
Am75/85 
Am8200 


Current 
—1.6mA 


—2.0mMA 
—0.4mA 
—0.36mA 
—-1.6mA 
—2,.0mMA 
—2.0mA 


Current 
40yuA 
50uA 
20uA 
20 uA 
40pA 
50yuA 
50uA 


20uA 2.4V —0.8mA 0.4V 


10pnA 2.4V —0.18mA 0.3V 


20uA 
40nA 
20yuA 
50uA 
40nA 
40uA 


2.7V 
2.4V 
2.4V 
2.7V 
2.4V 
4.5V 


—0.36mA 
—1.6mA 
—0.4mA 
—2.0mA 
—1.6mA 
—1.6mA 


0.4V 
0.4V 
0.3V 
0.5V 
0.4V 
0.4V 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPTS 


SET-UP, HOLD, AND RELEASE TIMES 


TIMING 
INPUT 


DATA 
INPUT 


Notes: 1, 


Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY 


3V 


SAME PHASE 


INPUT TRANSITION — 1.5V 


ov 


Vou 
OUTPUT 1.5V 


VoL 


3V 


OPPOSITE PHASE 


INPUT TRANSITION tbv 


ov 


Pulse Generator for All Pulses: 


Note: 1. 


LOAD TEST CIRCUIT 


TEST 
POINT 


Vec 


FROM OUTPUT 
UNDER TEST 


ALL DIODES 
1N916 OR 
1N3064 

Cc, INCLUDES D 

PROBE AND JIG 4 


CAPACITANCE 


Note: For A= B Output, short Dy and remove Dg, Dg and Dg. 


PULSEWIDTH 


LOW-HIGH-LOW 1.5V 
PULSE 
-— = —| 
HIGH-LOW-HIGH 1.5V 


PULSE 


Rate < 1,0MHz; Z, = 5022; ty < 2.5ns; te < 2.5ns, 
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OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


SCHOTTKY INPUT/OUTPUT 
VOLTAGE INTERFACE CONDITIONS 


DRIVING DEVICE 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


COM’L 


DRIVEN DEVICE 


SSTATECOMLOR MIL 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(HIGH LEVEL) VOLTAGE 


MAXIM Vite 
UM LOGIC 
“LOW” OUTPUT ny MAXIMUM LOGIC 
VOLTAGE ’Ol1 # : “LOW” INPUT 
VOLTAGE 
IMMUNITY 
(LOW LEVEL) 


DRIVING DRIVEN 
SCHOTTKY SCHOTTKY 
DEVICE DEVICE 


DEFINITION OF STANDARD TERMS 


H HIGH, applying to a HIGH voltage level. 

L LOW, applying to a LOW voltage level. 

I Input. 

O Output. 

Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 


Vie LOW-level input current with a specified LOW-level 
voltage applied. 


Ij HIGH-level input current with a specified H!GH-level 
voltage applied. 


Io, LOW-level output current. 
Io HIGH-level output current. 
Isc Output short-circuit source current. 


Icc The supply current drawn by the device from the Voc 
power supply. 


Logic LOW input voltage. 
Logic HIGH input voltage. 
LOW-level output voltage with !Q, applied. 
HIGH-level output voltage with I), applied. 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-in-Line 


Ceramic Molded 


960 
023 .020 .700 
015 NOM. 


022 
018 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 5-74 


Am54S/74S194-Am54S/74S195 


Four -Bit High-Speed Shift Registers 


Distinctive Characteristics 


@ Parallel load or shift right with JK inputs on 
Am54S/74S 195 


@ Shift left, right, parallel load or do nothing on 
Am54S/74S 194 


The Am54S/74S194 and Am54S/74S195 are 4-bit registers 
that exhibit fully synchronous operation in all operating 
modes. The Am54S/74S195 can either parallel load all 
four register bits via the parallel inputs (A, B, C, D) or shift 
each of the four register bits right one place. The shifting or 
parallel loading is under control of the shift/load input (S/L). 
When the shift/load input is LOW, data is loaded from the parallel 
data inputs; when the shift/load input is HIGH, data is loaded 
from the register bits on the left. The first bit, Qa, is loaded via 
the J and K inputs in the shift mode. 


The Am54S/74S194 operates in four modes under control of the 
two select inputs, Sg and Sj. The four modes are parallel load 
(data comes from the parallel inputs), shift right (data comes 
from the flip-flop to the left, with the Qa bit input from R)}, 


LOGIC SYMBOLS 


Am54S/74S194 


Qa, Qg A Ap 


Vec = Pin 16 
GND = Pins 


CONNECTION DIAGRAMS 
Top Views 


Qg Qc Ap CP 


13°00 «12 


Am54S/74S 194 


L 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Am54S/ Am54S/ 
748194 748195 
Package Temperature Order Order 

Type Range Number Number 
Molded DIP 0°C to +70°C SN74S194N SN74S195N 
Hermetic DIP 0°C to +70°C SN74S8194J SN74S195J 
Dice 0°C to +70°C SN74S194X SN74S195X 
Hermetic DIP -58°C to+125°C SN54S194J SN54S195J 


Hermetic Flat Pak -55°C to +125°C 
Dice -55°C to +125°C 


SN54S184W SN54S195W 
SN54S194X SN54S195X 


FUNCTIONAL DESCRIPTION 


Fully synchronous shifting and parallel loading 
Buffered common clock 
Buffered common active-LOW clear 


MIL-STD-883 


shift left (data comes from the flip-flop to the right, with 
the Qp input from L), and hold or do nothing (each flip-flop 
receives data from its own output). 


For both devices the outputs change state synchronously following 
a LOW-to-HIGH transition on the clock input, CP. Both devices 
have an active-LOW synchronous clear (CLR) which forces all 
outputs to the LOW state (Qp HIGH) independent of any other 
inputs. All control inputs are buffered to present only one 
Schottky TTL load to the system, and all outputs can drive 10 
Schottky loads in the LOW state and 20 in the HIGH state. 
Because all the flip-flops are D-type they do not catch O's or 
1's, and the only requirements on any inputs is that they meet 
the short set-up and hold time intervals with respect to the 
clock LOW-to-HIGH transition. 


LOGIC DIAGRAMS 
Am54S/74S194 
a 
rr 


Saree 
Uy] 


100% reliability assurance testing in compliance with 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous . -0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State ~0.5V to +Vcc max. 
DCInputVoltage TTT L0.5V to +5.5V 
DC Output Current, Into Outputs 30 mA 
DC Input Current -30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S 194, Am74S195 Tp = 0°C to +70°C Voc = 5.0 V 5% (COM’L) MIN, = 4.75 V MAX. 5.25 V 
Am54S194, Am54S195 Ta = —55°C to +125°C Vcc = 5.0 V + 10% (MIL) MIN. =4.5V MAX, = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


2.7 


Vv =MIN,,1 =—-1mMmA Am74 
VoH Output HIGH Voltage ce OH 

VIN = Vin oF Vit. Am54 

Voc = MIN., lo, = 20mA 
VoL Output LOW Voltage ce oF 

VIN = VIH oF VIL 


Input HIGH Level Guaranteed input logical HIGH voltage 2 
for all inputs 

Input LOW Level Guaranteed input logical LOW voltage 
for all inputs ; 


Input Clamp Voltage Vec = MIN., lin = —18MA 
fie Unit Load = = 
Input LOW Current Voor MAK NIN = O:0N 
Unit Load : = a 
Input HIGH Current Voc MAS VINSON 


Input HIGH Current Vcc = MAX., Vin =5.5V 


w 
S 


BE 
> 


:< 
. 


mA 


| 


oad Circuit Current Vec = MAX., Vout = 0.0V ~100 mi 
. S194 (Note5&7) | | 85 135 
548195 
70 99 
lec Power Supply Current (Note 6) aa a mA 
748195 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
5. Outputs open. Inputs A, B, C, D grounded. Inputs So, S71, Clear, L, R, at 4.5 V. Measured after a momentary ground, then 4.5V applied to clock 
6. Outputs open. S/L grounded. A, B, C, D, J, K at 4.5 V. Measured after applying a momentary ground then 4.5 V to the clear followed by grounc 
then 4.5V to clock. 
7. ForTa= 125°C; loc MAX. = 110mA for Am54S194W. 
Switching Characteristics (Ta = +25°C) P 
Parameters Description Test Conditions Min. Typ. Max. Units 


Clear Recovery to Clock 
Data Hold Time 


Shift/Load Release Time 
Am54S/74S195 


fMAX. Maximum Clock Frequency 


Pt | Data Input Set-up Time 


DEFINITION OF FUNCTIONAL TERMS LOADING RULES (In Unit Loads) 


_ Am54S/ Am54S/ Fan-out 
J, K The logic inputs used for controlling the Qa flip-flop: 748195 748194 Input Output Output 
of the Am54S/74S195 register when S/L is HIGH. Input/Output Input/Output Pin No.’s UnitLoad HIGH LOW 
CLR CLR 1 1 - - 


CLR Clear. The asynchronous master reset input. 


CP Clock pulse for the register. Enters data on the LOW- 
to-HIGH transition. 


J R 1 — - 
K A 
S/L Shift/Load. The input for selection of parallel or A B 
B Cc 
c D 
D L 


1 — = 


serial shifting for the AM54S/74S195 register. S/L LOW 
selects parallel entry.. 

So, $1 The mode select inputs of the Am54S/74S 194. 
A,B,C, D The four parallel data inputs for the register. 


CO; O;/oOIns ain] a] Win 


R The serial input to the Qa flip-flop of the Am54S/ OND SNP = 
748194 in the right shift mode. Shift/Load So 1 
L The serial input to the Qp flip-flop of the Am54S/ cp $1 1 ‘| 
748194 in the left shift mode. €Qp 2 as 
Qa, Qp, Qc, AD The four true outputs of the register. = cp "1 ' 
Qp The complement output of the Qp flip-flop. (Am54S/ ao =). i... 4 22 
748195 only). NL a 
Oc Qc 13 -- 
Qp Qs 14 -- 
Qa Qa 15 -- 
Vcc Vcc 16 = 
FUNCTION TABLE FUNCTION TABLE 
Am54S/74S 194 Am54S/74S195 


OUTPUTS 


INPUTS OUTPUTS 


FUNCTION 
[St So| Q, Og Ac Ap 
[tear | wx x! 
x 


0 ee ee 
Parallet 
Load 


X |X X X X|NC NC NC NC 
X 1X X X XI|NC NC NC NC 
X |Dg D1 D2 03/Dg 01 D2 D3 


oO 


H = HIGH X = Don't Care 
L=LOW NC = No Change 
‘ t = LOW-to-HIGH transition. ; 
H = HIGH X = Don’t Care Dj = May be a HIGH or a LOW and the respective ou tput will assume the 
“L=LOw . NC = No Change - same state. 


t = LOW-to-HIGH transition. 
Dj = May be a HIGH or a LOW and the respective output will assume the 
same state. 


Notes: 1. !f the J and K inputs are tied together, the cc»mmon line becomes a 
D-Type input to the first bit in the shift mode. ‘ 


2. Linear feedback shift counters can be made by c:onnecting the Qp and 
Qp outputs to the K and J inputs, respectively. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN [NPUT 


Vcc 


UNIT LOAD 
2.8k9. NOM 


ute) 


Note: Actual current flow direction shown 
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‘APPLICATIONS 


HIGH-SPEED MOD 15 LINEAR FEEDBACK SHIFT REGISTER 


Sequence is 0, 1, 2, 5, 10, 4, 9, 3, 6, 13, 11, 7, 14, 12, 8, O (15 is non-self correcting; use clear to initialize) 


12-BIT SHIFT-LEFT, SHIFT-RIGHT, PARALLEL-LOAD REGISTER 


Ao Air A2 A3 


AmS4S/74S 194 Am54S/74S 194 Am54S/74S 194 


P cp cP 
ciR Ga Gg Oc Ap cir Qa Qg Ac Ap ctr Qa Og Qc AD 


Bo By Bg Bg Bg Bs 86 87 Bg Bg Big By 


Metallization and Pad Layouts 


Am54S/74S194 Am54S/74S 195 


DIE SIZE 0.071" X 0.088” DIE SIZE 0.071" X 0.088” 
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DEFINITION OF SWITCHING TERMS UNIT LOAD DEFINITIONS 
{All switching times are measured at the 1.5V logic level unless HIGH Low 


otherwise noted.) 

Measure Measure 
fax The highest operating clock frequency. SERIES Current Voltage Current Voltage 
tpLH The propagation delay time from an input change to an out- Am25/26/2700 

put LOW-to-HIGH transition. Am25S/268/275 
tpH~_ The propagation delay time from an input change to an ih (27 
output HIGH-to-LOW transition. Am25L/26L/27L 
tpw Pulse width. The time between the leading and trailing Am25LS/26LS/27LS 
edges of a pulse. J 
tr Rise time. The time required for a signal to change from 10% Am54/74 
to 90% of its measured values. 54H/74H 
Fall time. The time required for a signal to change from 90% ne 
to 10% of its measured values. Am54S/74S 
Set-up time. The time interval for which a signal must be 54L/74L 
applied and maintained at one input terminal before an (Note 1) 
active transition occurs at another input terminal. 
e ra iti cur inp ! B4L/74L 
Hold time. The time interval for which a signal must be (Note 1) 
retained at one input after an active transition occurs at 
another input terminal. Am54LS/74LS 
Release time. The time interval for which a signal may Am9300 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time Am93L00 
falls within the set-up time interval and is speci ied by some Am93S00 
manufacturers as a negative hold time). 
Am75/85 


Am8200 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES = LOAD TEST CIRCUIT 


TIMING FROM OUTPUT 
INPUT : UNDER TEST 


ALL DIODES 
1N916 OR 
1N3064 


C_ INCLUDES 
PROBE AND JIG 
CAPACITANCE 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY PULSE WIDTH 


SAME PHASE im LOW-HIGH-LOW 
INPUT TRANSITION F PULSE 


HIGH-LOW-HIGH 
ouTeuT ——______—_— — : PULSE 


OPPOSITE PHASE __ 
INPUT TRANSITION 


Notes: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 5022; t, < 2.5ns; te < 2.5ns, 


SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
ORIVING DEVICE DRIVEN DEVICE 


L LOW, applying to a LOW voltage level. 
MINIMUM LOGIC 
“HIGH” OUTPUT 1 Input. 
VOLTAGE 
COM’L O Output. 


Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 


aimoniey tb alerapemeae Ij, LOW-level input current with a specified LOW-level 


(HIGH LEVEL) VOLTAGE voltage applied. 


(4 HIGH-level input current with a specified H!GH-level 


voltage applied. 
MAXIMUM LOGIC 


“LOW” OUTPUT a MAXIMUM LOGIC lo, LOW-level output current. 
VOLTAGE /OL "LOW" INPUT 


VOLTAGE lon HIGH-level output current. 
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IMMUNITY . . 
(LOW LEVEL) Isc | Output short-circuit source current. 


Icc The supply current drawn by the device from the Voc 
power supply. 
Logic LOW input voltage. 
Logic HIGH input voltage. 
LOW-level output voltage with lo. applied. 
DRIVING DRIVEN 


SCHOTTKY SCHOTTKY HIGH-level output voltage with Ig, applied. 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


1 
Poirot 
065 023 
046 015 
a 
le 1755 5 
aan SEATING 


160 +.020 

' i PLANE 
4_U a 

as L130 


Pr 


fim “oe s0 375 
:090., " 325 
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DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 3—7 


Am54S/74S257-Am54S/74S8258 


Quadruple 2-Line-To 1-Line Data | | 
Selectors Multiplexers With 3-State Outputs 


Distinctive Characteristics 


» Three-state outputs interface directly with bus organ- ® Pin assignments identical with Am54S/74S157 and 


ized systems Am54S/74S 158 
@ 100% reliability assurance testing in compliance with 
» Schottky clamp provides improved AC performance MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The 2-line to 1-line data selector multiplexer can be used to 
transfer data to a common data bus directly by using the 
three-state capability of the device. With the output control 
(OE) HIGH, the four outputs of the data selector are in the 
high impedance state. With the output control LOW, the 
selected four bits (A or B inputs) are bussed onto the four 
data lines. 


2 3 5 6 11:10 14 13 


2 3 5 6 11 10 14 13 


1A 1B 2A 2B 3A 3B 4A 4B 1A 1B 2A 2B 3A 38 4A 4B 


Am54S/74S257 


3Y 
The typical propagation delay times from data input to 


output average 4.8ns for the Am54S/74S257 and 4ns for 
the Am54S/74S258. Also, to minimize the possibility that 
two outputs will attempt to drive the common bus to 
opposite logic sevels, the output enable circuitry is designed 
such that the output disable times are shorter than the 
output enable times. 


Vec = Pin 16 
GND = Pin8 


LOGIC DIAGRAMS 


Am54S8257, Am74S257 Am54S258, Am74S258 


ouTPUT == (15) 
contro OF ~—© 


OUTPUT 5 (15) 
conTROL °F 


CONNECTION DIAGRAM 


ORDERING INFORMATION 


Top View 
Am54S/ Am54S/ 
74S257 74S258 
Package Temperature Order Order 
Type Range Number Number 
Molded DIP 0°C to +70°C SN74S257N SN74S258N 
Hermetic DIP O°C to +70°C SN74S257J SN74S258J 
Dice 0°C to +70°C SN74S257X SN74S258X 
Hermetic DIP -55°Cto+125°C SN54S257J SN54S258J 
Hermetic Flat Pack -55°Cto+125°C SN54S257W SN54S258w 
Dice -55°C to+125°C SN54S257X SN54S258x 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature - 65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5Vto+7\ 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max 
DC Input Voltage —0.5 V to +5.5\ 
DC Output Current, Into Outputs ; 30 mf 
DC Input Current —30 mA to +5.0 mé 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S8257/S258 Ta = 0°C to +70°C Veco = 5.0V +5%  (Com’!) Min=4.75V = Max = 5.25V 
Am548257/S258 Ta = —55°C to +125°C Vec = 5.0V £10% (Mil) Min = 4.5V Max = 5.5V 

Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


(8) 
nN 


~ 
is 
a) 
Oo 

x= 

i 

| 
a 
o 
3 
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Vec = MIN.,| 54S,lQoH = —2mA 
VoH Output HIGH Voltage VIN=VIH 
or VEL , =—0. 
Vec = MIN., Vip = 2V 
VOL Output LOW Voltage ce IH 
VIL =0.8V, lo_ = 20mA 
Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Vib Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 


Unit Load [Sinput : 
Input LOW Current [Any Other Vec = MAX., VIN = 0.5V 


Tr Unit Load : : 
Input HIGH Current | Any Other Vcc = MAX., VIN = 2.7V 


Input HIGH Current Vcc = MAX., Vin = 5.5V 


lo Off-State (HIGH Impedance) Vcc = MAX. Vo = 2.4V 
Output Current Vo = 0.5V 


Isc Output Short Circuit Current (Note 4) 
Am54S/74S257 
Voc = MAX: 
(Note 5) 


All Outputs HIGH 


Power Supply Current | Ali Outputs LOW 


All Outputs OFF 


ao 
N 


1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Actual Input Currents = Unit Load Current x !nput Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time and duration of the short circuit test should not exceed one second. 

5. loc is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 


Switching Characteristics (Ta = 25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


| 
Voc =5V, RL = 280 2, CL = 15 pF 
Select to Output 


FUNCTION TABLE 


INPUTS OUTPUTS 


Output Am54S/ Am54S/ 
Control 748257 748258 


Zz 

H 

L 

H 

L 
X = Don’t Care 


Z = High Impedance 


FUNCTIONAL TERMS 

1A, 2A, 3A, 4A The data inputs for the 4-bits of the A word. 
1B, 2B,3B,4B The data inputs for the 4-bits of the B word. 
1Y,2Y,3Y,4Y The four outputs of the multiplexer. 


OE Output Control! When the output control is HIGH, the 
four outputs are in the high impedance state. When the output 
control is LOW, the selected A or B input is present at the output. 


S Select When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


Ss 


OlLOl nN! GO] ao) aA] WIN] = 


= 
o 


_ 
_ 


A Schottky TTL Unit Load is defined as 50 uA measured at 2.7 V 
HIGH and —2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8kQ NOM 


Note: Actual current flow direction shown 
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APPLICATIONS 


Am9301 


WORDA WORD B WORD G WORD H 


4-BIT 
DATA BUS 


8-Word, 4-Bit Multiplexer 


APPLICATION BRIEF — THREE STATE OUTPUTS 


When a three-state Schottky output is in the high-impedance state, the maximum off-state leakage current is specified as 50uA at 2.4V and 
—50uA at 0.5V. This leakage loading must be added to the input loading of the devices connected to the data bus for worst-case design. For 
this reason, the output HIGH source current of the three-state devices are specified with !Qp = —2mA for the Am54S series and IoOy = —6.5 
mA for the Am74S series. The output LOW sink current for all Am54S/74S devices is specified as Io, = 20mA at 0.5V. 


The high current sinking and sourcing capability allows many three-state outputs to be bus-organized and drive several TTL inputs reliably. An 


example of the lop and Io , loading calculations is shown in Table |. The important factor for bus-organized three-state outputs is not to 
exceed either the HIGH-state or the LOW-state maximum loading. 


TABLE | 
NO. OF LOADING 
DEVICES ON BUS TYPE LOAD DATA BUS HIGH LOAD DATA BUS LOW LOAD 
54S/74S outputs Hi-Z 50yA x 36 =1.8mA —50wA x 36 = —1.8mA 


54S/74S inputs 50uA x 4= .2mA —2mA x 4=—-8.0mA 


2.0mMA ~—~9.8mA 


AmTAs 


Metallization and Pad Layouts 
Am54S/74S257 Am54S/74S258 


Vec 


DIE SIZE 0.065” X 0.069” DIE SIZE 0.065” X 0.069” 
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DEFINITION OF SWITCHING TERMS SCHOTTKY PARAMETER MEASUREMENTS 
(A!Il switching times are measured at the 1.5V logic level unless FOR THREE-STATE OUTPUTS 


otherwise noted.) 


fmax The highest operating clock frequency. LOAD TEST CIRCUIT 
tp_LH The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. TEST 


tpHt The propagation delay time from an input change to an POINT 


bade R i 
output H!GH-to-LOW transition. Fao oureOT L 


tpy Pulse width. The time between the leading and trailing UNDER TEST 


edges of a pulse. z 
7 : Cy INCLUDE 
tr Rise time. The time required for a signal to change from 10% PROBE AND JIG Gaison. 


to 90% of its measured values. CAPACITANCE 1N3064 


Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 

Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 


Hold time. The time interval for which a signal must be 
retained at One input after an active transition occurs at 
another input terminal. Sate Mi ——— 
Release time. The time interval for which a signal may INPUT WWW 
be indeterminant at one input terminal before an active 

transition occurs at another input terminal. {The release time 

falls within the set-up time interval and is specified by some 

manufacturers as a negative hold time). 

HIGH to disable. The delay time from a control input change 

to the three-state output HIGH-level to high-impedance 

transition (measured at 0.5 V change). 

LOW to disable. The delay time from a control input change : 

to the three-state output LOW-level to high-impedance transi- Notes: 1. Diagram shown for H{GH data only. Output transition may 
tion (measured at 0.5V change). be opposite sense. " 

Enable HIGH. The delay time from a control input change oF hose matched ales 13 GRA € cake COndiion, 

to the three-state output high-impedance to HIGH-level 

transition. 

Enable LOW. The delay time from a control input change 


to the three-state output high-impedance to LOW-level 
iti SAME PHASE 
Si aad INPUT TRANSITION 


SET-UP, HOLD, AND RELEASE TIMES 


— TE 
NWW\\ 


PROPAGATION DELAY 


tPLH 


UNIT LOAD DEFINITIONS saa f—\-— 


HIGH Low wy Linn 
Measure Measure OPPOSITE PHASE 
SERIES Current Voltage Current Voltage INPUT TRANSITION 
Am25/26/2700 40uA 2.4V —1.6mA 0.4V 


Am25S/26S/27S 50uA 2.7V —2.0mA 0.5V 


PULSE WIDTH 
Am25L/26L/27L = 20uA ae 


—0.4mA 0.3V 
Am25LS/26LS/27LS | 20uA  2.7V | —0.36mA—0.4V LowHiGh.LoM 
Am54/74 40uA-24V. «| —1.6mA 0.4V 
54H/74H 50uA —-2.4V. | ~—2.0mA 0.4V ; 
ees HIGH-LOW-HIGH 
Am54S/74S | 50 uA 2.7V | —2.0mA 0.5V PULSE 
aay 20pA  —-2.4V pee. 0.4V 

at | ENABLE AND DISABLE TIMES 


54L/74L | 
(Note 1) 1OyA 2.4V —0.18mA 0.3V 


Am54LS/74LS 20pA 2.7V ‘| -036 mA  0.4V 
Am9300 aii 40pA 2.4V | -1.6mA 0.4V “iarur 
Am93L00 20nA 24V | —0.4mA 0.3V 

Am93S00 50yuA 2.7V | -2.0mA 0.5V NiGHAR LE cow 
Am75/85 40uA 24V | —1.6mA 0.4V 


Enable Disable 


Vor 
tHz 


Vv, 
Am8200 45V | —1.6mA 0.4V weeur ae ee 
NORMALLY HIGH sy OPEN/| : 


Note: 1. 54L/74L has two different types of standard inputs. pee 


Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Control Disable-HIGH. 
2. S41 and Sy of Load Circuit are closed except where shown. 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 500; 
tr < 2.5ns; ty < 2.5 ns. 


SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 
I Input. 


DRIVING DEVICE | DRIVEN DEVICE 
MINIMUM LOGIC 
“HIGH™ OUTPUT 

VOLTAGE O Output. 


cow Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 


Ij, LOW-levei input current with a specified LOW-level 
MINIMUM.LOGIC voltage applied. 


IMMUNITY “HIGH” INPUT 
ya Ee! TORTS ly HIGH-level input current with a specified HIGH-level 
voltage applied. 


Vin LOW-level output current. 
MAXIMUM LOGIC 2 


“LOW” OUTPUT me oa MAXIMUM LOGIC - 
VOLTAGE._VOLy edits ex mue eG HIGH-level output current. 


VOLTAGE 


n 
Ke 
ad 
3 
> 
I 
n 
a 
w 
> 
Ww 
a 
w 
0 
< 
FB 
a 
fe) 
> 
k 
5 
a 
z 
= 
Ee 
5 
a 
EF 
=) 
5 


. ae hs 
«NOE Output short-circuit source current. 


TOW Ever icc The supply current drawn by the device from the Vcc 
power supply. 

Logic LOW input voltage. 

Logic HIGH input voltage. 

LOW-level output voltage with Io, applied. 


seas piven HIGH-level output voltage with IG), applied. 


SCHOTTKY SCHOTTKY 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure current. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic 


1 
Pe ye ee ae 
oss] | oa 
045 015 
. 785 s 
765 
j 015 
min, SEATING 
-150 +.020 ‘PLANE 


ADVANCED 
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DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 


TELEX: 34-6306 
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Computer Interface cite 


Am0026/Am0026C 


5MHz Two-Phase MOS Clock Driver 


Distinctive Characteristics 


20 ns rise and fall times with 1000 pF load 
20 V output voltage swing 

+1.5 amps output current drive 

High speed 5 to 10 MHz depending on load 


@ 100% reliability assurance testing in compliance with 


MIL-STD-883 


e@ Mixing privileges for obtaining price discounts. Refer 


to price list. 


FUNCTIONAL DESCRIPTION 


The Am0026 is a dual high speed MOS clock driver and 
interface circuit. The device is particularly suitable for 
driving two phase MOS circuits and can provide high speed 
operation even when driving into high capacitive loads. The 
device accepts standard TTL/DTL outputs and converts 
them to MOS logic levels. The output pulse width of the 
device is determined by the input pulse width. 


The Am0026 can operate with a variety of MOS circuits. A 
popular application is a two-phase clock timer for driving 


long silicon gate shift icgisters such as the Am1402/3/4 
series, A single clock driver is able to drive 10k bits at 5MHz. 
The device can also be used with standard dynamic MOS 
RAMS such as the 1103 to provide address and precharge 
drive for memories up to 8k by 16-bits. 


The device is available in an 8-lead TO-5, one watt copper 
lead frame 8-pin mini-DIP, a one and one-half watt TO-8 
package, and a 14-pin ceramic package. 


SCHEMATIC DIAGRAM 
(One Driver Shown) 


EXTERNAL 
Cin 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


MHO0026CH 
MHOO026CN 
MHO0026CG 


0°C to 85°C 
0°C to 85°C 


8-Pin TO-5 
8-Pin Mini-DIP 
12-Pin TO-8 0°C to 85°C 
14-Pin Ceramic DIP 0°C to 85°C 
Dice 0°C to 85°C AMO026XC 


8-Pin TO-5 —55°C to+125°C = MHO026H 

12-Pin TO-8 —55°C to +125°C = MHO026G 
14-Pin Ceramic DIP  —55°C to +125°C =MMHOO026L 
Dice —55°C to +125°C = AMO026XM 


MMHO026CL 


CONNECTION DIAGRAMS 
Top Views 


14-Pin Ceramic DIP 8-Pin Mini DIP 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 

Temperature (Ambient) Under Bias 

Vt _V7 Differential Voltage 

Input Current 

Input Voltage (Vin—V7) 

Peak Output Current 

Power Dissipation 


-65°C to +150°C 
~55°C to +125°C 
22V 

100 mA 

5.5V 

1.5A 

See curves 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am0026C Ta = 0°C to 85°C (COM Range) viivrs 10 V to 20V 
Am0026 Ta= —55°C to +125°C (MIL Range) Unless Otherwise Specified 
Parameter Description Test Conditions (Note 1) Min. Typ. (Note 2) 


vt = 45.0V, V7 =-12.0V 
Output HIGH Voltage VIN =-9.5V 

VIN-V7=2.5V 

Vt = 45.0 V, V7 =-12.0V 
Output LOW Voltage Vin =-11.6V 


VIN-V7=0.4V 


Input LOW Level Vout = V*-1.0V 


Input LOW Current Vin — V7 =0V, Vout = Vt -1.0V 


Input HIGH Current Vin -V7 =2.5V, VouT = V7 +1.0V 


Icc on “ON" Supply Current Vt —V~=20V, Vin-V7 =2.5V 


ICC OFF “OFF” Supply Current vt —V~ = 20V, Vin ~V~ =0.0V 


[vin=v=cavSC=~dCS 


Notes: 1. These specifications apply for vt _v~ = 10V to 20 V, CL = 1000pF, over the temperature range —~55°C to +125°C for the Am0026 and O°C to 


+85°C for the Am0026C. 
2. All typical values for Ta = 25°C. 


Switching Characteristics (Notes 1 and 2 Above) 


Parameter Description Test Conditions Min. Typ. 


Turn Off Delay 


vt—v~=17V, CL = 250 pF 
Rise Time (Note 3) . Vt_v7=17V,C, = 500 pF 


vt—v- =17V, CL = 1000 pF 


vt —v- =17V, Cy = 250 pF 
Fall Time (Note 3) vt—v~=17V, CL = 500 pF 


vt—v~=17V, Cz = 1000 pF 


Note: 3. Rise and fall times are given for MOS logic levels; i.e., rise time is transition from logic ‘‘0’’ to logic ‘1°’ which is voltage fall. See switching time 


waveforms. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Power Ratings Power Rating DC Power (Ppc) 
TO-5 & 8-Pin DIP TO-8 & 14-Pin DIP Versus Duty Cycle 


AmOO2Z6CN SOLDERED TO PC 
BOARD WITH 8 CU 
CONOUCTORS Am0026G & Am0026CG IN 


.202 X .03 IN. WIDE | STILL AIR WITH CLIP-ON 
\ | 
ra Am0026H AND Am0026CH 
N (N STILL AIR WITH CLIP 


HEAT SINK (THERMALLOY 
ON HEAT SINK 


TYPE 215-1.90R EQUIV.) 


—F 


Am0026G & 
AmO0026CG IN STILL AIR 


POWER — mW 


POWER DISSIPATION — W 
POWER DISSIPATION — W 


Am0026H & Am0026CH 
IN STILL AIR “7 Am0026L 
AmO0026CL 
IN STILL AIR 


0 
25 50 75 100 125 0 10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C DUTY CYCLE -% 


Transient Power (Pac) _ Supply Current Iriput Current 
Versus Frequency Versus Temperature Versus Input Voltage 


TRANSIENT POWER — mW 
SUPPLY CURRENT — mA 
INPUT CURRENT — mA 


6.0 ) 
100-200 3040S. ~75 -50-25 0 25 50 75 100 125 0.5 10 #15 £20 25 
FREQUENCY — MHz - TEMPERATURE — °C { NPUT VOLTAGE — V 


Rise Time Fall Time Optimum Input Capacitance 

Versus Load Capacitance Versus Load Capacitance Versus Output Pulse Width 

ite Vt--V~ = 20V 
Cy += 1000pF 


Ta =25°C 
eat 


Vt_V~ = 15V to 20V 
+--+ 4+—— 


200 400 600 800 1000 1200 800 200 400 600 800 1000 1200 
LOAD CAPACITANCE — pF : LOAD CAPACITANCE — pF Cy) — INPUT CAPACITANCE — pF 


RISE TIME — ns 
FALL TIME — ns 


OUTPUT PULSE WIDTH — ns 


Turn-On & Turn-Off Time Rise Time Fall Time 
Versus Temperature Versus Temperature Versus Temperature 


vt—V7 = 204 


+_y-e 
Cin = Cy = 1000pF — priraas i 


TURN-ON & TURN-OFF TIMES — ns 
RISE TIME — ns 
FALL TIME — ns 


6 Q Q 
-75 ~§0 -25 0 25 50 75 100 125 ~75 -80-25 0 25 50 75 100 125 -75-50-25 0 25 50 75 100 125 
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C 


SWITCHING TIME WAVEFORMS 


5V 


Vin INPUT VCE ISAT) 


APPLICATION INFORMATION 


POWER DISSIPATION 


The total average power dissipation of the Am0026 is the sum 
of the DC power and AC transient power. This total must be 
less than the given package power rating. 


Poiss = Pac + P’ipc S Pmax. 


With the device dissipating only 2mW when the output is at 
a HIGH voltage (MOS logic ‘’C\’’), the dominant factor in 
average DC power is the duty cycle or fraction of the time 
the output is at a LOW voltage level (MOS logic ‘1"’). For 
the shift register driving where the: duty cycle is less than 25%, 
Poc is usually negligible. For RA\M address line driver appli- 
cations Ppc dominates since duty icycle can exceed 50%. 


DC Power per driver: 
DC power is given by, 
Poc = (V*—V7) x Is (Low) x Duty Cycle 

where Is (Low) is lsupPLY (ON) at (VT—V7) 
. viv 
IsupPLY(ON) is 40 mA x “s Vv 


és 


worst Case 


- —_ 
or 30mA x vw typically 


AC transient power per driver: 
AC transient power is given by, 
Pac = (Vt—V7)2 x Cy x fx 1073 in mW 


where f=frequency of operation in MHz and Cy, =load 
capacitance including all strays and wiring in pF. 


PACKAGE SELECTION 


Power ratings are based on a maximum junction rating of 
175°C. The following guidelines’ are suggested for package 
selection. Graphs shown in the Performance Curves illustrate 
derating for various operating temperatures. 


TO-5 (“H") Package: Rated at 600 nnW in still air (derate at 
4.0mW/°C above 25°C) and rated at 900 mW with clip-on 
heat sink (derate at 6.0mW/C above 25°C). This popular 
hermetic package is recommended for small systems. Low 
cost (about 10¢) clip-on-heat sink increases driving power 
dissipation capability by 50%. 

8-pin (“N”} Molded Mini-DIP: Rated at 600 mW still air 
(derate at 4.0mW/C above 25°C) and rated at 1.0 watt 
soldered to PC board (derate at 6.6 mW'°C). Constructed with 
a special copper lead frame, this package is recommended for 


4-4 medium size commercial systems particularly where automatic 


AC TEST CIRCUIT 


OUTPUT 


2N2369A 
(INPUT 


Vin =5V 
PRE = 1MHz 
PW =0.5us 
te = te < 10ns 


insertion is used. (Please note for prototype work, that this 
package is only rated at 600 mW when mounted in a socket 
and not one watt until it is soldered down.) 
103 (Prax, Req -103 (v+—v~)2 Duty Cycle) 

Q Req (Vt—V~)? x f 
where n is the number of drivers used in the package. 


Cy, (max.) = 


Pmax, is the package power rating in milliwatts for given 
package, heat sink, and maximum ambient temperature. 


Req is the equivalent resistance (V*—V7)/Is(Low) = 5002 
(worst case over temperature or 600 Q (typically). 


Duty cycle is the fraction of the time that the output signal is 
in the LOW state. 


f is the input signal frequency in MHz. 


Cr (max) is the maximum load capacitance per driver in pico- 
farads which can be driven without exceeding device power 
limits. 

When used as a non-overlapping two phase driver with each 
side operating at the same frequency and duty cycle, and with 
(Vt—V7) -17V, the above equation simplifies to 


103 ES | 
C, =— |] —— — Duty Cycle 
Ln + U578 ue 

Table | gives maximum drive capability for various system 
conditions using the above equation. 


PULSE WIDTH CONTROL 


The Am0026 is intended for applications in which the input 
pulse width sets the output pulse width; i.e., the output pulse 
width is logically controlled by the input pulse. The output 
pulse width is given by: 


(PW)out = (PW)in + tp + te = PWyy +25 ns 


Two external input coupling capacitors are required to perform | 
the level translation between TTL/DTL and MOS logic levels. 

Selection of the capacitor size is determined by the desired 

output pulse width. Minimum delay and optimum performance 

is attained when the voltage at the input of the Am0026 dis- 

charges to just above the devices threshold {about 1.5 V). If 

the input is allowed to discharge below the threshold, ty 

and t¢ will be degraded. The graph in the Performance Curves 

shows optimum values for Cyy versus desired output pulse 

width. The value for Cyyy may be roughly predicted by: 


Cin a (2 Xx 10-3) (PWiout 
For an output pulse width of 500ns, the optimum value for 
Cin is: 
Cyn = (2x 1073) (500 x 10-9) = 1000 pF 


RISE AND FALL TIME CONSIDERATIONS (Note 3) 


The Am0026’s peak output current is limited to 1.5A. The 
peak current limitation restricts the maximum load capacitance 
which the device is capable of driving and is given by: 


I=, <1.5A 


The rise time, t,, for various loads may be predicted by: 
tp =(AV) (250 x 10712 +C,) 
Where: A V = the change in voltage across Cy. 
x yriy~ 
C,_ = The load capacitance 
for Vt—v7~ = 20V, Cy, = 1000pF, t, is: 
ty = (20V) (250x 10-12 + 1000 x 10-12) 
= 25ns 


For small values of C,, the equation above predicts optimistic 
values for t,. The graph in the performance curves shows typical 
rise times for various load capacitances. 


The output fall time (see Graph) may be predicted by: 


CL 
tp =2.2R{Cos + 
hee +1 


CLOCK OVERSHOOT 


The output waveform of the Am0026 can overshoot. The 
overshoot is due to finite inductance of the clock lines. It 
occurs on the negative going edge when Q7 saturates, and on 
the positive edge when Q3 turns OFF as the output goes 
through V* —Vbe. The problem can be eliminated by placing 
a small series resistor in the output of the Am0026. The 


critical valve for Rg = 2L Cy. where L is the self-inductance of 
the clock line. In practice, determination of a value for L is 
rather difficult. However, Rs is readily determined emperically, 
and values typically range between 10 and 5122. Rg does 
reduce rise and fal! times as given by: 


t, = tp ¥ 2.2Rg Cy 
CLOCK LINE CROSS TALK: 


At the system level, voltage spikes from ¢; may be transmitted 
to $2 (and vice-versa) during the transition of 6; to MOS logic 
“1'" The spike is due to mutual capacitance between clock 
lines and is, in general, aggravated by long clock lines when 
numerous registers are being driven. Transistors Q3 and Q4 
on the 9 side of the Am0026 are essentially ““OFF’’ when 
$2 is in the MOS logic “0” state since only micro-amperes are 
drawn from the device. When the spike is coupled to $9, the 
output has to drop at least 2 Vge before Q3 and OQ, come on 
and pull the output back to V*. A simple method for elimin- 
ating or minimizing this effect is to add bleed resistors between 
the Am0026 outputs and ground causing a current of a few 
milliamps to flow in Q4. When a spike is coupled to the clock 
line Qy is already ‘‘ON” with a finite hgg. The spike is quickly 
clamped by Q4. Values for R depend on layout and the 
number of registers being driven and vary typically between 
2k and 10kQ. 


POWER SUPPLY DECOUPLING 


Adequate power supply decoupling is necessary for satisfactory 
operation. Decoupling of V* to V™ supply lines with at least 
0.1 uF noninductive capacitors as close as possible to each 
Am0026 is strongly recommended. This decoupling is neces- 
sary because otherwise 1.5 ampere currents flow during logic 
transition in order to rapidly charge clock lines. 


TABLE I — WORST CASE MAXIMUM DRIVE CAPABILITY FOR Am0026* 


TO-5 and Mini-DIP 14-Pin DIP 
Free Air Soldered Down 


TO-8 with TO-8 


Package Type Heat Sink 


Max. 
Operating 
Frequency 


Free Air 


Mini-DIP 
Soldered Down 


*Note: Vafues in pF and assume both sides in use as non-overtapping 2 phase driver; each side operating at same frequency and duty cycle with (vt —-V7)=17V. 


TYPICAL APPLICATIONS 


AC Coupled MOS Clock Driver 


DB 1000 pF 
TWO PHASE 


TTL Am0026 CLOCK TO 


SHIFT REGISTERS 
Be 1000 pF 


DC Coupled RAM Memory Address 
or Precharge Driver (Positive Supply Only) 


TO ADDRESS LINES 
Am0026 ON 1103 
MEMORY DEVICES 


TYPICAL APPLICATIONS (Cont.) 


Logically Controlled AC Coupled Clock Driver 


Am1402 7 
FLIP-FLOP 2-INPUT 1024-B1T 
L AND GATE SHIFT ADDITIONAL 
eG NPUT REGISTER SHIFT 
INPUT REGISTERS 
2fo 


ae 


CLOCK INPUT — 2 fo 
A 
Gacouat ONE SHOT OUTPUT — ADJ PULSE WIDTH 
PHASE ONE OUTPUT 


PHASE TWO OUTPUT 


Metallization and Pad Layout 


OUTPUT A OUTPUT B 
INPUT A INPUT B 


DIE SIZE 0.063” X 0.078” 


PHYSICAL DIMENSIONS 


8-Lead Metal Can (H) 12-Lead Metal Can (G) = 8-Pin Molded Mini-Dual-In-Line (N) 


14-Pin Ceramic Dual-In-Line (L) 
= 388 pra, : 
; 150 5 
Fae Sen bis =I 230 
BB on 


EE EE ree ES 
eee 
ais 


7300 
(OUTSIDE) 
E 


ee VN 


036 


BOTTOM 
VIEW 
4-6 


Note: All dimensions in inches. 
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Am1488 


Quad RS-232C Line Driver 


Distinctive Characteristics: 


e Conforms to EIA specification RS-232C ® 100% reliability assurance testing in compliance with 
e Short circuit protected output MIE STD 869 


e Simple slew rate contro! with external capacitor e TTL/DTL compatible input 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 

The Am1488 is a quad line driver that conforms to EIA speci- 

fication RS-232C. Each driver accepts one or two TTL/DTL 

inputs and produces a high-level logic signal on its output. ain 2 _[o—2 nour 
The HIGH and LOW logic levels on the output are defined by 


4 
the positive and negative power supplies to the drivers. For = Nf _yo— 8 OUT 


power supplies of plus and minus nine volts, the output levels : 
are guaranteed to meet the +6-volt specification with a 3kQ ct Nid _jo—* cour 
load. There is an internal 3009 resistor in series with the a 
output to provide current limiting in both the HIGH and LOW D1 Nig] oth oour 
logic levels. The Am1488 driver is intended for use with the p2in 3 
Am1489 or Am1489A quad line receivers. 

V- = Pint 


V+ = Pin 14 
GND = Pin7 


CIRCUIT DIAGRAM 
(one driver shown) 


Am1488 ORDERING INFORMATION CONNECTION DIAGRAM 


Package ’ Order 
Type ni Number 
'14-pin Hermetic DIP C.t0.75°G * MC1488L 
EH AM1488D 


NOTE: Pin 1 is marked for orientation. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +175°C 
Temperature (Ambient) Under Bias 0°C to +75°C 
Supply Voltage to Ground Potential Vt 415V 

Vv" =~-15V 
DC Voltage Applied to Outputs for High Output State (V* +5.0V) > V, > (V7 —5.0V) 
DC Input Voltage +30V 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Ta = 0°C to +75°C V+ = +9.0V V- = -9.0V 


Parameters Description Test Conditions Min Typ Max Units 


Output HIGH Voltage 


Output LOW Voltage 


Guaranteed input logical 
H L 
Input HIGH Level HIGH voltage 


Guaranteed input logical 
t LOW L 
inpy MEevel LOW voltage 


Input LOW Current Viy = OV —1.0 —1.3 ‘mA 
0 


Input HIGH Current 1 pA 


Vv =0.0V/1V. =0.8V 
Output Short Circuit Current on in 


Positive Power 
Supply. Current 


Negative Power 
Supply Current 


Output Resistance Vi =V7 =0.0V, Voy = +2.0V 


Switching Characteristics (T, = 25°C, vt = +9.0V, V~ = —9.0V) 
Parameters Definition ' Test Conditions Min Typ ‘Max Units 
Delay from input LOW to output HIGH 


Delay from input HIGH to output LOW Z, = 3.0 ko 
and 15 pF 


TYPICAL CHARACTERISTICS 


Transfer Characteristics 
versus Power-Supply Voltage 


Output Slew Rate 
versus Load Capacitance 


Output Voltage and 


Current-Limiting Characteristics 
—20 


12 EI 
TH 
- @ 


Vv 


t=V-=+9V 
1) 
vis Vo = 6V 


SLEW RATE {VOLTS/us) 


lo, OUTPUT CURRENT (mA) 


Vo, OUTPUT VOLTAGE (VOLTS) 


12 
0 0.2 0.406 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
Vin, (NPUT VOLTAGE (VOLTS) 


Short-Circuit Output Current 
versus Temperature 


Isc, SHORT CIRCUIT OUTPUT cuhrent (mA) 


AMBIENT TEMPERATURE (°C) 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 


RS-232C A specification of the Electronic Industries Association 
that defines the electrical characteristics of data signals transmitted 
between two pieces of digital equipment. 

R, Load resistance. The DC resistance between the driver output 
and ground. 


ELECTRICAL TERMS 

Vox Output HIGH voltage. The voltage on the output when the 
output is HIGH. 

Vo, Output LOW voltage. The voltage on the output when the 
output is LOW. 

Vi4 Input HIGH level. The voltage above which the driver is guar- 
anteed to sense a HIGH level. 

Vii Input LOW level. The voltage below which the driver is guar- 
anteed to sense a LOW logic level. 

1, Input LOW current. The current that flows out of the input when 
the input is at a LOW logic level. 

I, Input HIGH current. The current that flows into the input when 
the input is at a HIGH logic level. 


~16-12 -8 -4 0 4 8 12 16 
Vo, OUTPUT VOLTAGE {VOLTS) 


1.9V 
° 


O8V enyonsov | 


Maximum Operating Temperature 


; versus Power-Supply Voltage 
6 


0 25 75 
T, TEMPERATURE (°C) 


V+, -V—, POWER SUPPLY VOLTAGE (VOLTS) 


I;, Output short circuit current. The current that flows between the 
output and ground when the output is shorted to ground and the 
input is either HIGH or LOW. 

Ice The positive power supply current in the V* supply. 

Ie The negative power supply current in the V~ supply. 

Slew Rate The rate, in volts per microsecond at which the output 
can change from one logic level to another. 


SWITCHING TERMS 


tha, The delay from a HIGH-to-LOW transition on an input to a 
LOW-to-HIGH transition on an output. Measured from the 1.5-volt 
level on the input to the 0-volt level on the output. 
tig. The delay from a LOW-to-HIGH transition on the input(s) to a 
HIGH-to-LOW transition on the output. Measured from the 1.5-volt 
level on the input to the 0-volt level on the output. 


t, Output rise time. The time required for the output to change 


from 10% of (Voy- Vo.) to 90% of (Vo.,;- Vo,), above Vo). 
t, Output fall time. The time required for the output to change 
from 90% of (Voy-Vo,) to 10% of (Voy ~Vo,), above Vo. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Molded | 


Metallization and Pad Layout 


$3 x 54 Mils 


ADVANCED 


MICRO 
DEVICES INC. 


907 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am1489-Am1489A 


Quad RS-232C Line Receivers 


Distinctive Characteristics: 


* Compatible with EIA specification RS-232C e 100% reliability assurance testing in compliance with 
MIL STD 883 
Input signal range +30 volts e Includes response control input and built-in hysterisis 


FUNCTIONAL DESCRIPTION: LOGIC SYMBOL 
The Am1489 and Am1489A are quad line receivers whose electrical char- 
acteristics conform to EIA specificatlon RS-232C. Each recelver has a 
single data input that can accept signal swings of up to +30 V. The output 
of each receiver is TTL/DTL compatible, and includes a 2kQ resistor 
pull-up to Veo. An internal feedback resistor causes the Input to exhibit 
hysterlsis so that. AC noise immunity is maintained at a high level even 
near the switching thresholds. For both devices, whena receiver is ina LOW 
state on the output, the input may drop as LOW as 1.25 volts without 
affecting the output. Both devices are guaranteed to switch to the HIGH 
state when the input voltage is below 0.75 V. Once the output has switched 
to the HIGH state, the input may rise to 1.0 V for the Am1489 or 1.75V 
for the Am1489A without causing a change In the output. The Am1489 Is 
guaranteed to switch to a LOW output when its input reaches 1.5 V and, 
the Am1489A is guaranteed to switch to a LOW output when its input 
reaches 2.25V. Because of this hysterisis in switching thresholds, the 
devices can receive slgnals with superimposed noise or with slow rise and 
fall times without generating oscillations on the output. The threshold 
levels may be offset by a constant voltage by applying a DC bias to the 
response control input. A capacitor added to the response contro! input 
will reduce the frequency response of the receiver for applications in the 
presence of high frequency nolse spikes. The companion fine driver is 
the Am1488. GND = PIN7 


CIRCUIT DIAGRAM 
(one receiver) 


Re = 10k2 (AM1489) 
Rf= 2kQ2 (AM1489A) 


RESPONSE 0 
CONTROL 


Am1489/Am1489A ORDERING INFORMATION eat DIAGRAM 
op View 


A Am1489A 
Package Temperature, is Order 
Type Range, Number Number 
14-pin Molded DIP yz, “i AM1489B AM1489AB. 
14-pin Hermetic alii : ; ‘ MC1489L MC1489AL 
Dice x. MC1489D MC1489AD 


NOTE: PIN 1 is marked for orientation. ° 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +175°C 
Temperature (Ambient) Under Bias 0°C to +75°C 
Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5Vto +10V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec- max 
Input Signal Range ; —30 V to +30 V 
Output Current, Into Outputs 30 mA 
DC Input Current Defined by Input Voltage Limits 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


T, = 0°C to +75°C Veg = §.0V 11% Response control pin open 


Parameters Description Test Conditions Min TYP (Note 1) Max Units 


1 = —0.5mA 
HIGH Volt oo 
Output oltage | Viy = +0.75 V or open 
LOW Volt = 
Output oltage Vin = 1.5V 


= 1489 1.0 
Input HIGH Level Threshold | "a= 25°C 
Vor = 0.45V | Am1489A 


Input LOW Level Threshold Ty, = 25°C, Voy = +2.5V 


= —-3.0V 
Input LOW Current 
Vin = —25V 


| Va = +3.0V 
Input HIGH Current Ne 


Output Short Circuit Current 


Note: 1) Typical Limits are at Vo, = 5.0 V, 25°C ambient and maximum loading. 


Switching Characteristics (T, = 25°C, response control pin open, C, = 15 pF) 


Parameters Definition Test Conditions Min Typ Max Units 


thay Delay from Input LOW to Output HIGH 
toa Delay from Input HIGH to output LOW 


Ewa Output Rise Time (10% to 90%) 
| t, | Output Fall Time (90% to 10%) 


TYPICAL CHARACTERISTICS 


Am1489 Input Threshold 
Voltage Adjustment 


Input Current 


lin, INPUT CURRENT (mA} 
Vo, OUTPUT VOLTAGE 


-15 -5.0 0 +5.0 +15 (+25 
Vin, INPUT VOLTAGE (VOLTS) 
Vin 
O———-O 


Input Threshold Voitage 
versus Temperature 


ViH, INPUT THRESHOLD VOLTAGE 


AMBIENT TEMPERATURE (°C) 


DEFINITION OF TERMS 
FUNCTIONAL TERMS 


Response Control Pin A pin available on each receiver that allows 
the user to set the switching thresholds and frequency response of 
the receiver. 

Threshold Voltage The voltage level on the input that will cause 
the output to change state. Because the device exhibits hysterisis, 
the LOW level input threshold is different from the HIGH level input 
threshold. Both thresholds can be moved by applying a bias to the 
response control pin. 

RS-232C A specification of the Electronic Industries Association 
that defines the electrical characteristics of data signals transmitted 
between two pieces of digital equipment. 

Input Signal Range The permitted range of DC voltages that can 
be applied to the receiver input without damage to the device. 


ELECTRICAL TERMS 

Voy Output HIGH voltage. The voltage on the output when the 
output is HIGH. 

Vo, Output LOW voltage. The voltage on the output when the 
output Is LOW. 

Vi4 Input HIGH threshold. The voltage that must be applied to the 
input to cause the output to switch from a HIGH to a LOW. 

Vie Input LOW threshold. The voltage that must be applied to the 
input to cause the output to switch from a LOW to a HIGH. 


0 
~3.0-2.0-1.0 0 +1.0 +2.0 +3.0 +4.0 +5.0 
Vin, INPUT VOLTAGE 


Am1489A Input Threshold 
Voltage Adjustment 


a 
eA 


as 
<75 


Vo, OUTPUT VOLTAGE 


i} 
-3.0 -2.0-1.0 0 +1.0 +2.0 +3.0+4.0 +5.0 
Vin, INPUT VOLTAGE 


Vin Vo 
O——o 


Input Threshold versus 
Power-Supply Voltage 


Sal aes Res es 
Vin 409A] | | 


el 
a ee ae ee ee ee 
a ee ee ee ee 
a ee 
Pees 
489 —t 


_——S 


INPUT THRESHOLD VOLTAGE 


V+, POWER SUPPLY VOLTAGE 


I, Input HIGH current. The current that will flow into the input 
when a HIGH level is present on the input. 

J, Input LOW current. The current that will flow out of the input 
when a LOW logic level is present on the input. 

Io, Output HIGH current. The current drawn out of the output 
when the output is HIGH. 

Io, Output LOW current. The current forced into the output when 
the output is LOW. 

Is¢ Output Short Circuit Current. The current that flows out of the 
output when the output and input are both grounded. , 

I¢e Current drawn from the Vcc power supply. 


SWITCHING TERMS 


tay The delay from a HIGH-to-LOW transition on the input to a 
LOW-to-HIGH transition on the output. Times are measured from 
the 1.5-volt levels on both pins. 

tig. The delay from a LOW-to-HIGH transition on the input to a 
HIGH-to-LOW transition on the output. Times are measured from 
the 1.5-volt level on both pins. 

t, Rise Time. The time required for the output to rise from 10% 
of the difference between V,, and Vo, above Vg, to 90% of the 
difference between Vo, and Vo), above Vo). 

t, Fall Time. The time required for the output to fall from 90% 
of the difference between Vo, and Vg, above Vp, to 10% of the 
difference between Vo, and Vo}, above Vo). 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 


DIODES 1N3064 


PULSE IN OR EQUIVALENT 


+3V 
PULSE IN 1.5V 


ov 


PULSE OUT 1.5V 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic _.Molded 


MAX, 


100-10 aie |. .023 
Min, .090 040” 015 


. Metalization and Pad Layout 
AIN-Vcc DIN 
1 14 13 

ARC. 2 12 iD RC. 
ADVANCED 
A OUT 3 11 D OUT MICRO 
Ballet 10 CIN DEVICES INC. 
901 Thompson Place 

BRC. 5 : : 9 CRE. Sunnyvale | 

California 94086 
6 7 8 (408) 732-2400 
B OUT GND € OUT TWX: 910-339-9280 


“yy ‘ TELEX: 34-6306 
4-14 DIE SIZE 0.047” X1 0.059 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product 


Am2600/9600/9601 


Retriggerable Monostable Multivibrators 


Distinctive Characteristics: 


e Retriggerable 0 to 100% duty cycle. package hermeticity testing in compliance with MIL- 

e 50ns to co output pulse width range. STD-883. 

¢ Am2600 guaranteed pulse width change of less than ¢ Electrically tested and optically inspected dice for 
1% over 0°C to +75°C temperature range. the assemblers of hybrid products. 

e 100% reliability assurance testing including high tem- ® Mixing privileges for obtaining price discounts. Refer 
perature bake, temperature cycling, centrifuge and to price list. 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAMS 


The Am2600, Am9600 and Am9601 are DC-level sensitive 

retriggerable monostable multivibrators which provide an Am'2600/9600 Am9601 

output pulse whose duration and accuracy depend on ex- 

ternal timing components. 

Provision is made for triggering on the rising or falling edge 

of an input signal. All inputs are DC coupled making trigger- 

ing independent of input rise and fall times. Each time the 

output of the logic network at the trigger input goes from a 

FALSE (LOW) condition to a TRUE (HIGH) condition trigger- 

ing occurs Independent of the state of the monostable. 

The AM 2600 and 9600 are the equivalent of the 9601 with an 

additional active HIGH input and an active LOW reset facility. 

When a C, input on the Am 2600 or 9600 goes LOW the multi- 

vibrator resets independent of its present state or input con- 

ditions. 

The Am2600 Is a selected Am9600 with a guaranteed pulse 

width change of less than 1% over the temperature range ; Veg * Pin 14 
0°C to +75°C. Gnd = Pin7 


naa 
! 
i 
! 


a 
o 
~_—_ 
© 


Am 2600/9600 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Part Package Temperature Order Top view 
Number ° Type Range Number 


Am2600 Molded DIP 0°C to +75°C AN260059B 

Am2600 Hermetic DIP O°Cto+75°C —_ «AM260059F 

Am2600 Hermetic DIP —55°C to +125°Cr',*AM260051F 

Am2600 ©” AM260051M 

Am2600 “yn, AM2600XXD 

Am9600 Molded DIP U6E960059X 

Am9600 Hermetic DIP U6A960059X 

Am9600 Hermetic DIP : U6A960051X pmgeo! 
Am9600 _ ~=—Hermetic Flat Pak: U31960051X = 
Amg600 % ">, Note UXX9600XXD 

Am9601 Molded.DIR¥” <-0°C to +75°C U6E960159X 

Am9g601 Hermeti¢ DIP *0°C to +75°C U6A960159X 

Am9601 Hertifetic DIP —55°C to +125°C U6A960151X 

Am9601 Hermetic FlatPak —55°C to +125°C U3I960151X 

Am9601 Dice Note UXX9601XXD 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. -NC = No connection 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous 


DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage 


Output Current, Into Outputs LOW 


DC Input Current 


ELECTRICAL CHARACTERISTICS 


—65°C to +150°C 


—55°C to +125°C 


—0. 


—0.5Vto +8V 
5 V to +Voc max 


—0.5V to +5.5V 
50 mA 


Am260059/960059X/960159X T, = 0°C to +75°C (COM grade) 
Am260051/960051X/960151X T, = —55°C to +125°C (MIL grade) 


—30 mA to +5 mA 


At,,(T) Maximum Output Pulse Width Percentage 
Change over temperature range 0°C to +75°C 


Note 1. Maximum current defined by DC Input Voltage. 


2. Pulse tested. 


Ry = 10 k®, Cy = 1000 pF 


Veco = 5.0 V, C, = 15 pF 


3. Unless otherwise noted, tests are conducted with a 10 k® resistor from Vcc to Pin 13 (R,). 
4. Limit for —55°C to +125°C operation is 25 kQ. 


LIMITS 
Operating T, = MIN T, = +25°C T, = MAX 
Parameters Range Test Conditions Min Max Min Typ Max Min Max Units 
Vou 
Output HIGH Veo = MIN., Io = —0.96 mA 
Voltage 
Vor MIL lo, = 8X I), MAX. 0.40 0.2 0.40 0.40 
Output LOW an eee Volt: 
voltae COM lo, = 8x I, MAX. 0.45 0.2 0.45 045 | 
Vie MIL 2.00 1.70 1.50 
Input HIGH — or 4 Volts 
voltage COM 1.90 | 1.80 1.60 
re 
Vi MIL 0.85 0.90 0.85 
Input LOW aan aoe Volts 
Voltage COM 0.85 0.85 0.85 
[ Voc = MAX. ~1.60 1.10 —1.60 —1.60 
MIL Vin = 0.40 V a ai 
IL loc = MIN. —1,24 —0.97 —1.24 —1. 
ara i MAX 4.60 1.00 1.60 1.60 o 
Current COM Vi = 0.45 V cc = : -_ —1. —1. —1. -1. 
Voc = MIN. —1.41 —0.90 —1.41 —1.41 
Ni MIL or 
Reverse Input Veco = MAX., Vix = 4.5 V 60 2 60 60 LA 
COM 
Current , 
ge ener MIL Voc = 5.0 V, Vo = 1.0 V—9600, 2600 —10 —25 Se 
) reui 
‘|Current COM Vo = 0.0V —9601 —10 —35 
lop 2600 | MIL | vy -s0v Ry=10K0 19 24 24 
Power 9600 | COM 19 26 26 A 
ue 601 Veco = MAX. GND Pin 11 19 25 25 ‘i 
9 Ry = 10 ke 
Switching Characteristics (T, = 25°C unless otherwise specified) Am 2600/9604 Am9600 
Parameters Test Conditions Min Typ Max Min Typ Max Units 
tray Turn Off Delay Negative Trigger Input to True: Output: Voc = 5.0V, C, = 15 pF 25 40 27. 45 ns 
Lge Turn On Delay Negative Trigger Input to False Output | Ry =5k@, C,=O0pF 25 40 27-40 ns _ 
Ecc. </JNIanuey Oitbut Runge What | | True (Q) Output | Voc = 5.0V, C, = 15 pF 45 65) 50 70 ne 
eet 7 False(Q) Output | Ry = 5k, Cy = 0 pF 55 75 60 80 
; a Mil: Veco =5.0V, C,=15pF |3.08 3.42 3.76|3.20 3.42 3.76 
t Output Pulse Width Variation ce cased BS 
hae Com Ry =10k2, C,=1000pF [308 342 3.76 |3.08 342 3.76 
Cytray Maximum Allowable Wiring Capacitance to Ground Pin 13 = GND 50 50 pF 
Ry Timing Resistoriover temperature range (Note 5) 5 50 5 50 kQ 
toa— (Cp) Delay from G, to Q output LOW 11.4617 11 #17 ns 
Am 2600 Min Typ Max 


OPERATION RULES 


. An external resistor R, and an external capacitor C, are required as shown in the logic diagram. The values of R, may vary from 5.0 kQ to 50 kQ for 
0°C to +75°C operation and 5.0 kQ to 25 kQ for —55°C to +125°C operation. C, may vary from 0 to any value necessary and obtainable. 


. tf a fixed value of R, is used, the following values are recommended: R, = 30 kQ for 0°C to +75°C operation; R, = 10 k2 for —55°C to +125°C 


operation. 
. The output pulse width T is defined as follows: 
T =082A,C, [1 +921 (For C, greater than 10? pF) 
x 


Where: R, is in kQ, C, is in pF, T is in ns. 


For C,<103 pF see Fig. 12. 


. If electrolytic type capacitors are to be used, It Is recommended that they have low leakage. For capacitors with a high reverse leakage the following 


circuits can be used: 


R < 0.6 R, (Max) 


D,: any silicon 
type diode, such tox 
as FD700 


PINTT PIN 13, PIN tt PIN 13 


This circuit also allows larger value of 
R to be used for longer output pulse width. 


R < Ry (0.7) (h,-Q,) 

R, (min) < Ry < Ry (max) 

Q,: Any NPN silicon device with 
sufficient h,, at low currents, 
such as 2N2511 


Both circuits prevent reverse voltage across C,. The pulse width T for the circuits is defined as follows: 


T=0.30 RC, [1 + ay Where: Ris ink®, Cy, is In pF, 


T is inns. 


. To obtain variable pulse width, by remote trimming, the following circuit is recommended: 


Ry 2 Ay (MIN) 


PIN 13 ———— 
AS Ry (MAX)=Ry 
AS CLOSE AS POSSIBLE TO DEVICE 
PIN feel Vvooo— — — — 


. Under any operating condition, C, and R, (min) must be kept as close to the circuit as possible to minimize stray capacitance and reduce noise pickup. 


. Input Trigger Pulse Rules. t,, th, t,, t, > 40 ns 


t 
INPUT 2.5 el =I 


ov 


Q OUTPUT Sf 


. The retriggerable pulse width is calculated as shown below: 


Input to Pin 1 
Pins 2, (1), 4&5 =High 


7 
ty = tow + thay = 0.32 PyCy (1 + cs ike 


; Pin 3 (4)(5) INPUT pation | 
nput to Pin 5 
Pin 4 (3)(5)=High Pins 1 or2 =Low, ~—=f>e— 


Q OUTPUT fois S-isv 


The retrigger pulse width is equal to the pulse width tow plus a delay time. 
For pulse widths greater than 500ns, t, can be approximated as tow 


NOTE: Retriggering will not occur if the retrigger pulse comes within 0.32 RC, (92 ) ns after the initial trigger pulse. 
x 


. Reset Operation — The Am 2600/9600 have an active LOW reset facility. By applying a low to either reset input, any timing cycle can be terminated 
or any new cycle inhibited until the low reset input is removed. Trigger inputs will not produce spikes in the output when a reset is held low. 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH logic level or when used with Voc 
to indicate high Vcc value. 

| Input. 

L LOW, applying to LOW logic level or when used with Ve. to 
indicate low Vcc value. 

O Output. 


FUNCTIONAL TERMS: 


CD,,CD, The asychronous direct clear inputs of the 9600. A LOW 
on either of these inputs will reset the monostable independent of 
other conditions. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

I, 1, The active LOW inputs of the Am 2600/9600/9601. With all 
other inputs HIGH a HIGH to LOW transition on either of these in- 
puts will cause triggering. 

1, 1, L, The active HIGH inputs of the Am 2600/9600/9601 with 
either |, or I, inputs LOW a LOW to HIGH transition on any input 
I, 1, |, with the remaining inputs HIGH will cause triggering. 
Input Unit Load One TL gate input load. In the HIGH state it is 
equal to I, and in the LOW state it is equal to |. 

Q_ The TRUE output of the monostable. 

Q@_ The FALSE output of the monostable. 


Triggering The switching of the monostable from the stable state 
to the unstable state and start of the timing cycle. 


SWITCHING TERMS: 


tay The propagation delay from a HIGH to LOW transition on ‘To 
or I, to the TRUE (Q) output LOW to HIGH transition. 


toa The propagation delay from a HIGH to LOW transition on 1 
or 1, to the FALSE (Q) output HIGH to LOW transition. 


tow (min) The minimum TRUE (Q) output pulse width with Cy = 0 pF, 
R, =5 


At,, The output pulse width variation with C,=1000 pF, Ry=10 ka. 


At, (T) The Am 2600 maximum pulse width percentage change 
over the temperature range 0°C to +75°C of the TRUE (Q) output 


from the pulse width at 25°C. 


OPERATIONAL TERMS: 

1,, Forward input load current, for unit input load. 

Io4 Output HIGH current, forced out of output in Vo), test. 

Io, Output LOW current, forced into the output in V_, test. 

I, Reverse input load current with Ve applied to input. 

Is¢ Output current when output set to V,,, condition but forced low. 
Negative Current Current flowing out of the device. 

Pyiss_ The power dissipated within the circuit with input and output 
terminals open. 

Positive Current Current flowing into the device. 

Viq Minimum logic HIGH input voltage. Refer to figure 14. 

V,, Maximum logic LOW input voltage. Refer to figure 14. 

Voy Minimum logic HIGH output voltage with output HIGH 
current Io), flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
Io, into output. 


Input Characteristics PERFORMANCE CURVES Power Dissipation 


Input Load Current. - Input Leakage Current Power Dissipation Versus 
Versus Input Voltage Versus Input Voltage Ambient Temperature 


SPEC. LIMIT (I,,) 
AT Voc 


INPUT LOAD CURRENT — mA 
POWER DISSIPATION — mW 


jaa recet al ed a 
mar ere Sy 


-05 0 O5 1.5 B A 4.0 
INPUT VOLTAGE — VOLTS INPUT VOLTAGE — VOLTS Ta, — AMBIENT TEMPERATURE ~ °C 


Figure 1 Figure 2 Figure 3 


INPUT LEAKAGE CURRENT — pA 


Output Characteristics Switching Characteristics 


Output Current Versus Output Current Versus Typical Negative Trigger Delay Time 
Output Voltage (High State) Output Voltage (Low State) Versus Ambient Temperature 


OUTPUT CURRENT — mA 
OUTPUT CURRENT — mA 
NEGATIVE TRIGGER DELAY TIME — ns 


4.0 : E 04 0.6 B -75 QO 25 75 
OUTPUT VOLTAGE — VOLTS OUTPUT VOLTAGE — VOLTS T, ~ AMBIENT TEMPERATURE — °C 


Figure 4 Figure 5 Figure 6 


Pulse Width Characteristics 


Normalized Output Normalized Output Normalized Output 
Pulse Width Versus Pulse Width Pulse Width Versus 
Ambient Temperature Versus Supply Voltage Operating Duty Cycle 


NORMALIZED OUTPUT PULSE WIDTH 
NORMALIZED OUTPUT PULSE WIDTH 
NORMALIZED OUTPUT PULSE WIDTH 


75 
Ta — AMBIENT TEMPERATURE — °C SUPPLY VOLTAGE — VOLTS OPERATING DUTY CYCLE — 


Figure 7 Figure 8 Figure 9 


Output Pulse Width Versus 
ai Versus Jypical Output rule Width Timing Resistance and Capacitance 


Rassias 
NSSis.ance 


Ty | 
Secon | 


a 


OUTPUT PULSE WIDTH — xs 
MINIMUM OUTPUT PULSE WIDTH — ns 
OUTPUT PULSE WIDTH—ns 


“10 —75 2 
Rx ~ Se aun Siuine ees - ie Ty, — AMBIENT Baier -°C me TIMING CAPACITANCE ~ pF 


Figure 10, Figure 11 Figure 12 


Am 2600 Normalized Output Am 2600/9600/9601 LOADING RULES 
Pulse Width Versus 
Ambient Temperature Input/Output Fanout 


Am 2600/ Input Output Output 
9600 9601 Pin No.’s_ UnitLoad HIGH LOW 


15 1 1 
I 

I, 

I, 
NC 
Q 
GND 


NORMALIZED OUTPUT PULSE WIDTH 


OL OIn| am] om] BR} ©] p 


Ta — AMBIENT TEMPERATURE — °C NC 
Figure 13 


TRUTH TABLES 
Am 2600/9600 __ 
1, CD) CD, OPERATION 


Trigger 
Trigger 
Trigger 
Trigger 
Trigger Table Il 
Trigger 
Trigger 
Trigger 
Reset MSI INTERFACING RULES 
Reset , Equivalent 
Interfacing - Input Unit Load 
OPERATION Digital Family HIGH LOW 
Trigger Advanced Micro Devices 9300/2500 Series 1 
Ma FSC Series 9300 


Trigger 
Trigger Tl Series 54/7400 


= 
oO 


=| om 
nwo} — 


NC = No Connection 


ale Bag SE lie efi ollie cin or 


Trigger 


= HIGH Voltage Level H-—>L = Transition from HIGH to LOW Voltage Level 
LOW Voltage Level L—H = Transition from LOW to HIGH Voltage Level 


= Don’t Care Table! - Table III 


National Series DM 75/85 
DTL Series 930 


1 
1 
1 
Trigger Signetics Series 8200 2 
1 
1 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 
OUTPUT DRIVING INPUT LOAD 
"Low" DRIVEN "LOW" 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


Vito 
NOISE eS MAXIMUM LOGIC ae 
IMMUNIT “LOW” INPUT 
eae aes Current Interface Conditions — HIGH 


“ " OUTPUT DRIVING INPUT LOAD 
LOW” OUTPUT "HIGH" DRIVEN "HIGH" 


ORIVING DEVICE DRIVEN DEVICE 


DRIVING DRIVEN < 
DEVICE DEVICE Figure 14 
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Am 2600/9600/9601 APPLICATIONS 


Frequency Division 
This configuration makes the Am 2600/9600/9601 non-trigger- 
able and capable of frequency division. 

Figure 16 


Astable Multivibrator 
Frequency of operation Is dependent upon value of R, and Cy. 
Figure 15 


Delayed Pulse Generation 
The first Am 2600/9600/9601 determines the time T, before 
the Initiation of the output pulse. The second Am 2600/9600/ 
9601 determines T,, the output pulse width. 

Figure 17 


Resistance-to-Frequency Converter 


The multivibrator is connected as an astable with the fre- 
quency controlled by a variable resistor or capacitor. 


Figure 18 


PHYSICAL DIMENSIONS 
Hermetic Dual in-Line Molded 


MAX. 


ce. 


Metallization and Pad Layout 


750 MIN. 


iia Mea 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


070 [ .260 LL .250 | 
030 240 MIN 


51x 54 Mils 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (2) 


Am2602/9602 


Dual Retriggerable Resettable Monostable Multivibrator 


Distinctive Characteristics: 
 Retriggerable 0 to 100% duty cycle. 
e 50ns to co output pulse width range. 


¢ Am2602 guaranteed pulse width change over tem- 
perature range. 


© 100% reliability assurance testing including high tem- 
perature bake, temperature cycling, centrifuge and 


FUNCTIONAL DESCRIPTION 
The Am2602 and Am9602 are dual DC-level sensitive reset- 
table retriggerable monostable multivibrators which provide 
an output pulse whose duration and accuracy depend on 
external timing components. 


Provision is made for triggering on the rising or falling edge 
of an input signal. All inputs are DC coupled making trigger- 
ing independent of input rise and fall times. Each time the 
output from the OR trigger gate goes from a FALSE (LOW) to 


TRUE (HIGH) condition triggering occurs independent of the 
state of the monostable. 


The direct clear facility allows a timing cycle to be terminated 
at any time during the cycle. A LOW signal on the Cp input 
resets the monostable independent of other conditions. 


The Am2602 is a selected Am9602 with a guaranteed pulse 
width change of less than 1% over the temperature range of 
0°C to +75°C. 


package hermeticity testing in compliance with MIL- 
STD-883. 


e@ Mixing privileges for obtaining price discounts. Refer 
to price list. 


e Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


LOGIC DIAGRAM 


Vcc = Pin 16 
Gnd. = Pin8 


INTERNAL TIMING CIRCUITRY 


ORDERING INFORMATION 


Part Package Temperature 
Number Type Range 


Am2602 Molded DIP 0°C to +75° , 
Am2602 Hermetic DIP 0°C to++75°C™. ~ AM260259E 
Am2602 Hermetic DIP —55°Gto +425°C AM260251E 
Am2602 Hermetic Flat Pak »55°C.to.+425°C += AM260251N 

Am2602 Dice * "Note AM2602XXD 

Am9602 Molded,DIP;~ 20°C to+75°C  U6M960259X 
Am9602. Ss Hermeti¢ DIP = “0°C to +75°C == U7B960259X 
Am9602.~—s Hermetic DIP —55°C to +125°C + U7B960251X 
Am9602 Hermetic Flat Pak —55°C to +125°C U4L960251X 
Am9602 Dice Note UXX9602XXD 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. 


Q 6,10 


CONNECTION DIAGRAM 
Top View 


MONOSTABLE 1 C x(——=—— 
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MAXIMUM RATINGS 
Storage Temperature 
Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

Output Current Into Outputs When Output is LOW 

DC Input Current 


(Above which the useful life may be impaired) 


—65°C to +150°C 
—55°C to +125°C 
—0.5Vto+8V 
—0.5 V to +Vec max 
—0.5Vto+5.5V 


50 mA 


—30 mA to +5 mA 


ELECTRICAL CHARACTERISTICS 


Am260251/960251X T, = 


DC Characteristics Over Operating Range (Note 1) 


Am260259/960259X T, = 0°C to +75°C 
—55°C to +125°C Voc = 4.50 to 5.50 V (MIL grade) 


Voc = 4.75 to 5.25 V (COM grade) 


LIMITS 
Operating T, = MIN T, = +25°C T, = MAX 
Parameters Range Test Conditions Min Max Min Typ Max Min Max Units 
Vou 
Output HIGH Volts 
Voltage 
Vor 
Output LOW Volts 
Voltage 
Vin 
Input HIGH Volts 
Voltage 
Vin 
Input LOW Volts 
Voltage 
Veco = MA —1. —1.1 —1, —1.60 
Input Load ia mane 7 ont vee ne mA 
Current Baus Vy = 0.48 V —1.60 —1.00 —1.60 —1.60 
Vec = MIN. —1.41 —0.90  —1.41 
Vig 
Reverse Input ere 60 2 60 60 pA 
Current 
Short Circuit A 
Baeae Veo = 5.0V, Vo=1.0V 2g —35 _ 
lig Voc = 5.0V GND Pins 5 and 11 45 35 45 45 
Power Ry = 10 ka 52 35 50 52 
supely GND Pins 5 and 11 4 - 
Current 
R, = 10 ke 56 35 56 56 
Switching Characteristics (1, = 25°c) 2602 
9602 MIL 9602 COM 
Parameters Test Conditions Min Typ Max Min Typ Max Units 


Turn Off Delay Negative Trigger Input to True Output 


Turn On Delay Negative Trigger Input to False Output 


Veco =5.0V, C.=15pF {| 25 


True Output (Q) 


Ry, =5ko, C,=0 pF 45 


Minimum Output Pulse Width 


False Output (Q) 


Pulse Width 


Delay from C, to Q output LOW 


Timing Resistor over Temperature Range (Note 2) 


Veo = 5.0 V, C, = 15 pF 
R, = 10 k2, Cy = 1000 pF 


Maximum change in Pulse Width True Output 
over temperature range 0°C to +75°C 


Maximum change in Pulse Width True Output over 
temperature range —55°C to +125°C (Am2602 MIL) 


Veo = 5.0 V, C, = 15 pF 
Ry = 10 k®, C, = 1000 pF 


Notes: 1. Tests are conducted with a 10 kQ resistor placed between Pin 2 (14) and V,, unless otherwise noted. 


2. Maximum permissible R, when used below 0°C Is 25 k®. 


ns 


BS 


% 


OPERATION RULES 


. An external resistor R, and an external capacitor C, are required as shown in the logic diagram. The values of R, may vary from 5.0:kQ to 50 kQ for 
0°C to +75°C operation and 5.0 kQ to 25 kQ for —55°C to +125°C operation. C, may vary from 0 to any value necessary and obtainable. 


lf a fixed value of R, is used, the following values are recommended: Ry = 30 kQ for 0°C to +75°C operation; R, = 10 k2 for —55°C to +125°C 


operation. 
. The output pulse width T is defined as follows: 


T = 0.32 A,C, [1 + ary 
x 


(For Cy greater than 103 pF) Where: R, is in k®, C, is in pF, T Is in ns. 


For C,<103 pF see Fig. 2. 


If electrolytic type capacitors are to be used, It Is recommended that they have low leakage. For capacitors with a high reverse leakage the following 


circuits can be used: 


R < 0.6 R, (Max) 


This circuit also allows larger value of 
R to be used for longer output pulse width. 


D,: any silicon 
type diode, such 
as FD700 


PIN 1 (45) PIN 2(14} PIN 1 (18) PIN 2 (14) 


R < R, (0.7) (h,-Q,) 
R, (min) < Ry < Ry (max) 
Q,: Any NPN silicon device with 


sufficient hy, at low currents, 
such as 2N2511 


Both circuits prevent reverse voltage across C,. The pulse width T for the circuits is defined as follows: 


T 20.30 RC, (1 + S7y Where: Risin kQ, Cy, Is in pF, 


T ts in ns. 


. To obtain variable pulse width, by remote trimming, the following circuit is recommended: 


Ry 2 Ry (MIND 
PIN 1 (15) _—_— 


oar AS CLOSE AS POSSIBLE TO DEVICE 
PIN 2 (14) veco— — —— — — 


RS Ry (MAXI=Ry 


. Under any operating condition, C, and Ry, (min) must be kept as close to the circuit as possible to minimize stray capacitance and reduce noise pickup. 


t, t,, t;, t, > 40ns 
Input to Pin 5 (11) input 28 v= 
Pin 4 (12) = LOW ny — 
Pin 3 (13) = HIGH 


Input Trigger Pulse Rules. 


. The retriggerable pulse width is calculated as shown below: 


= = 0.7 
ty = tow # thay = OS2 RC (1+ BE ) + thay 


INPUT 


Input to Pin 4 (12) 
Pin 5 (11) = HIGH oof 


Pin 3 (13) = HIGH Q OUTPUT of y 


The retrigger pulse width is equal to the pulse width tow plus a delay time. 
For pulse widths greater than 500ns, t, can be approximated as tows 


NOTE: Retriggering will not occur if the retrigger pulse comes within 0.32 RC ) ns after the initial trigger pulse. 
x 


Reset Operation — The Am2602/9602 have an active LOW reset facility. By applying a low to the reset input, any timing cycle can be terminated 
or any new cycle inhibited until the low reset input Is removed. Trigger inputs will not produce spikes in the output when the reset is held fow. 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 

H_ HIGH, applying to a HIGH logic level or when used with Vee 
to indicate high Vcc value. 

1 Input. 


L LOW, applying to LOW logic tevel or when used with Vec to 
indicate low Vcc value. 


O Output. 


OPERATIONAL TERMS: 


1,, Forward input load current. 

lo, Output HIGH current, forced out of output in Vo,, test. 
Io, Output LOW current, forced into the output in Vo, test. 
I, Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Viy Minimum logic HIGH input voltage. Refer to figure 2. 

V,, Maximum logic LOW input voltage. Refer to figure 2. 
Vou Minimum togic HIGH output voltage with output HIGH 
current |, flowing out of output. 

Vo, Maximum logic LOW output voltage with output LOW current 
Io, into output. 


FUNCTIONAL TERMS: 
Cc, The asynchronous direct clear input. A LOW on this input 
resets the monostable independent of other conditions. 


Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 


I, The active LOW input of the monostables. With input |; LOW a 
HIGH to LOW transition on |, will cause triggering. 


1, The active HIGH input of the monostables. With 1, HIGH a LOW 
to HIGH transition on !, will cause triggering. 


Input Unit Load One T?L gate input load. 
Q_ The TRUE output of the monostables. 
Q The FALSE output of the monostables. 


Triggering The switching of the monostable from the stable state 
to the unstable state and start of the timing cycle. 


SWITCHING TERMS: 
tay The propagation delay from a HIGH to LOW transition on ‘I 
to the true (Q) output LOW to HIGH transition. 


_ The propagation delay from a HIGH to LOW transition on |, 
to the false (Q) output HIGH to LOW transition. 
t,,(min) The minimum true (Q) output pulse width with R, = 5kQ, 
C, = 0 pF. 
t, The pulse width obtained with R, = 10k, C, = 1000 pF. 


4t.(T) The maximum percentage change in pulse width of the 
true (Q) output for the Am2602 over the temperature range from 


the pulse width at 25°C. 


Am 2602 


Normalized Output 
Pulse Width Versus Output Pulse Width (AT,,,) 


Ambient Temperature Using Low Values of C, 


TYPICAL PERCENT DEVIATION 
RELATIVE TO 25°C 


-2 
-50 -25 0 25 50 75 100 125 
Tp, — AMBIENT TEMPERATURE — °C 


NOTE: Above Cx = 103pF Use 4 Tpw = 0.32 Cx Ry (140.7/Rx) 


Figure 1 Figure 2 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


INPUT PULSE 
f ~ 100 kHz 
Amp ~ 3.0 V 
Gnd. = Pin8 Width ~ 40 ns 
tr = te< 10 ns 


Figure 3 


TRUTH TABLE Am2602/9602 LOADING RULES 


Am2602/9602 Fanout 
For Each Monostable , Input Output Output 
Input/Output Pin No.’s UnitLoad HIGH LOW 


Operation 
: Monostable1 Cy, 
Trigger 
Trigger Ry 
Reset Cy 
: t 
H = HIGH Voltage Level T. 
L = LOW Voltage Level 
X = Don’t Care 
H-—>L = HIGH to LOW Voltage Level transition 
L—H = LOW to HIGH Voltage Level transition 


OLOIn [Dl] a} rR] ol] nrn] — 


Table ! Monostable 2 


_ 
Oo 


11 
12 
13 
14 


MSI INTERFACING RULES 15 


: Equivalent 16 
Interfacing - Input Unit Load 
Digital Family HIGH LOW Table Il 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 

Ti Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


Table Il! 


“INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
"Low" | DRIVEN "LOW" 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


Vito GND 


NOISE MAXIMUM LOGIC 
“LOW” INPUT a 
tad vst VOLTAGE Current Interface Conditions — HIGH 
= OUTPUT DRIVING INPUT LOAD 
wLOWw OUTPUT” "HIGH" DRIVEN “HIGH” 


/INPUT VOLTAGE LEVELS — VOLTS 


DRIVEN DEVICE 


DRIVING ‘ DRIVEN 
DEVICE DEVICE 


Figure 4 
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Am2602/9602 APPLICATIONS 


Vec Vec 


OUTPUT 


OUT 


a 


Delayed Pulse Generation 
Figure 5 
The first monostable determines the time T, before the 


initiation of the output pulse. The second monostable 
determines T,, the output pulse width. 


OUTPUT 


OVERRIDING 
ENABLE 


Pulse Generator 


Figure 6 


The output frequency produced with the above configuration 
is determined by C,, and R,,, while the pulse width is 
determined by C,, and R,,. Monostable 1 forms an astable 
multivibrator with an output pulse width of approximately 

25 ns, while monostable 2 extends the pulse width to 

the required value. 


PHYSICAL DIMENSIONS 


Hermetic 


2011 
"008 
100 : 
970 anol lL. on cae Ls | 
035 080 


015 325 


Flat Package 
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Dual-In-Line 


Molded 


bu 020 
125 ame on 
Bo] oh 8 


Metallization and Pad Layout 


Vcc 
MONS. 1Cy 1 16 15 C, MONS. 2 
Cx Ry 2 oat an t+ 14 Cy Ry 

Gp 3 at ots 413% ADVANCED 
4 ARCO | MICRO 
os aaa ante DEVICES INC. 
901 Thompson Place 
a6 aa. Sunnyvale 
Or a California 94086 
GND (408) 732-2400 
paren TWX: 910-339-9280 


TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am26L02/96L02 


Low Power Dual Retriggerable Resettable Monostable Multivibrators 


Distinctive Characteristics: 


e One-fourth the power of the equivalent Am2602/9602 
dua! single shots. 


e 50ns typical propagation delay. 


e Fan-out of 3 with standard TTL circuits. 


e Guaranteed pulse width variation versus temperature. 


FUNCTIONAL DESCRIPTION 


The Am 26L02 and 96L02 are low-power dual DC-level sensi- 
tive resettable retriggerable monostable multivibrators which 
provide an output pulse whose duration and accuracy depend 
on external timing components. 


Provision is made for triggering on the rising or falling edge 
of an input signal. All inputs are DC coupled making trigger- 
ing independent of input rise and fall times. Each time the 
output from the OR trigger gate goes from a FALSE (LOW) to 
TRUE (HIGH) condition triggering occurs independent of the 
state of the monostable. 

The direct clear facility allows a tuning cycle to be terminated 
at any time during the cycle. A LOW signal on the Cp input 
resets the monostable independent of other conditions. 


The Am26L02 has a guaranteed pulse width variation versus 
temperature of only1% over the temperature range 0°C to 
+75°C 


100% reliability assurance testing in compliance with 
MIL STD 883 


Electrically tested and optically inspected die for the 
assemblers of hybrid products 

Mixing privileges for obtaining price discounts. 
Refer to price list 

Available in highly reliable molded epoxy, hermetic 
dual-in-line or Hermetic flat package. 


LOGIC DIAGRAM 


Voc 


Vcc = Pin 16 
Gnd. = Pin8 


INTERNAL TIMING CIRCUITRY 


CxRx 


ORDERING INFORMATION 


Part Package 
Number Type Number 


Am26L02 Molded DIP 0°C to,-+75°C Am26L0259A 
Am26L02 Hermetic DIP 0°C to’+75°C Am26L0259E 
Am26L02 Hermetic DIP 755°C to.4125°C =Am26L0251E 
Am26L02 Hermetic Flat Pak’=.~55°C to +125°C Am26L0251N 
Am26L02 Dice .¢ oe Am26L02XXD 
Am96L02 Molded DIP" 20°C to +75°C U6M96L0259X 
Am96L02 Hermetic DIP”, 0°C to +75°C U7B96L0259X 
Am96L02 Hermetic DIP —55°C to +125°C U7B96L0251X 


Am96L02 


Hermetic FlatPak -—55°C to -£125°C U4L96L0251X 


Am96L02 * Dice Note UXX96L02XXD 


Note: 


The dice supplied will contain units which meet both 0°C to +75°C 
and —55°C to +125°C temperature range. 


Vec 
O 


14,8 kQ 


CONNECTION DIAGRAM 
Top View 
MONOSTABLE 1 

Cx CxRx Co 


MONOSTABLE 2 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc max 
DC Input Voltage -—0.5Vto +5.5V 
Output Current Into Outputs When Output is LOW 30 mA’ 
DC Input Current —30 mA to +5 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am96L0259X/26L0259X  T, = 0°C to +75°C Voc = 4.75 V to 5.25 V 
Am96L0251X/26L0251X T, = —55°C to +125°C Vo, = 4.50 V to 5.50 V 
Parameters Description Test Conditions (Note 1) Min. Typ. (Note 1) Max. Units 


Output HIGH Voltage Veco = MIN., lo = —0.36 mA 
Vin = Vin OF Viv 


Output LOW Voltage Voc = MIN,, lo, = 4.92 mA 
Vin = Vin OF Vir 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 


Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 

93L Unit Load 
Voc = MAX,, Vin = 0.3 V 

93L Unit Load = = 

Input HIGH Current Nee Me Mim eA, 

Input HIGH Current Veco = MAX,, Vin = 5.5 V 

Isc Output Short Circuit Current Veco = MAX., Voy = 1.0 V 
Power Supply Current Voc = MAX. 


Notes: 1: Typical limits are at Veg = 5.0 V, 25°C ambient and maximum foading. 
2: Actual Input currents are obtained by multiplying unit load current by the 93L input load factor. (See toading rules) 


Switching Characteristics (7, = 25°c) 


Parameters Test Conditions Min Typ Max Units 
toa+ Turn Off Delay Negative Trigger Input Am26/96L0251X 55 75 ne 
to True Output Am26/Q96L0250¥ 55 20 


Q6L0259X | 
Veco = 5.0 V, C, = 15 pF 

Turn On Delay Negative Trigger Input ip ae 

to False Output a eal 


a (min) Minimum True Output Pulse Width 
Vec = 5.0 V, C, = 15 pF 


t 

eno 
| 

fan (o)__ Delay rom to @ output LOW eS ele 


Am26L0259X 
Am26L0251X 


Notes: 1. Tests are conducted with a 39 kQ resistor placed between Pin 2 (14) and Vc, unless otherwise noted. 
2. Maximum permissible R, when used below 0°C Is 100 k®. 


Veg ='5.0 V, C, = 15 pF 
Ry = 39 k, C, = 1000 pF 


AT Maximum Change in Pulse Width True Output 


over operating temperature range % 


OPERATION RULES 


. An external resistor R, and an external capacitor C, are required as shown in the logic diagram. The values of Ry may vary from 20 kQ to 200 kQ for 
0°C to +75°C operation and 20 k® to 100 kQ for —55°C to +125°C operation. C, may vary from 0 to any value necessary and obtainable. : 


{f a fixed value of R, is used, the following values are recommended: R, = 120 k2 for O°C to +75°C operation; R, = 39 k2 for —55°C to +125°C 


operation. 
. The output pulse width T is defined as follows: 


T = 0.33RA,C, {1 + 5°) 
x 


(For C, greater than 103 pF) Where: R, is in kQ, C, is in pF, T is in ns. 


For C,< 103 pF see Fig. 2. 


If electrolytic type capacitors are to be used, the following two arrangements are recommended: 


R < 0.6 R, (Max) 


D,: any silicon 
type diode, such 
as FD700 


PIN T{1S) PIN 2 (14) PINT(18) PIN 2 (14) 


This circuit also allows larger value of 
R to be used for longer output pulse width. 


R< Ry (0.7) (h,.Q,) 

R, (min) < Ry < Ry, (max) 

Q,: Any NPN silicon device with 
sufficient hy_ at low currents, 
such as 2N2511 


Both circuits prevent reverse voltage across C,. The pulse width T for the circuits is defined as follows: 


T= 0.30 RC, [1 + $2) Where: Ris in k@, Cy is in pF, 


T is in ns. 


. To obtain variable pulse width, by remote trimming, the following circuit is recommended: 


Ry 2 Ry (MIN? 
PIN 2(14) -_—_—oo 


AS CLOSE AS POSSIBLE TO DEVICE 
sine: Veco —— 


RS Ry IMAXISRy 


Under any operating condition, C, and R, (min) must be kept as close to the circuit as possible to minimize stray capacitance and reduce noise pickup. 


Input Trigger Pulse Rules. t,, ty t,t, > 60ns 
Input to Pin 5 (11) 
Pin 4 (12) = LOW 
Pin 3 (13) = HIGH 


. The retriggerable pulse width Is calculated as shown below: 


ty toy + tog, = 0.33 RC, (1 + a ) + thas 


'y "q 
Input to Pin 4 (12) iia Bao ALi sO Bs 
Pin 5 (11) = HIGH OV td eet 
Pin 3 (13) = HIGH a oar ae 


The retrigger pulse width is equal to the pulse width t,, plus a delay time. 
For pulse widths greater than 500ns, t, Can be approximated as tow" 


NOTE: Retriggering will not occur if the retrigger pulse comes within 0.33 R,C,( % ) ns after the initial trigger pulse. 
x 


Reset Operation — The Am26L02/96L02 have an active LOW reset facility. By applying a !ow to the reset input, any timing cycle can be terminated or 
any new cycle Inhibited until the low reset input is removed. Trigger Inputs will not produce spikes in the output when the reset is held low. 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used with Voc 
to indicate high Vcc value. 

1 Input. 


L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 


O Output. 


OPERATIONAL TERMS: 


1, Forward input load current. 

lo4 Output HIGH current, forced out of output in Vo), test. 
Io, Output LOW current, forced into the output in Vj, test. 
1,4 Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vig Minimum logic HIGH input voltage. Refer to figure 2. 

V,, Maximum logic LOW input voltage. Refer to figure 2. 
Voy Minimum logic HIGH output voltage with output HIGH 
current IQ, flowing out of output. 

Vo. Maximum logic LOW output voltage with output LOW current 
Io, into output. 


FUNCTIONAL TERMS: 
Cy The asynchronous direct clear input. A LOW on this input 
resets the monostable independent of other conditions. 


Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 


Ty The active LOW input of the monostables. With input |, LOW a 


HIGH to LOW transition on |, will cause triggering. 


1, The active HIGH input of the monostables. With |, HIGH a LOW 
to HIGH transition on |, will cause triggering. 


Input Unit Load One T?L gate input load. 

Q_ The TRUE output of the monostables. 

Q The FALSE output of the monostables. 

Triggering The switching of the monostable from the stable state 
to the unstable state and start of the timing cycle. 

SWITCHING TERMS: 

tig, The propagation delay from a HIGH to LOW transition on I 
to the true (Q) output LOW to HIGH transition. 

toa The propagation delay from a HIGH to LOW transition on i 


to the false (Q) output HIGH to LOW transition. 


t,{min) The minimum true (Q) output pulse width with Ry = 20 kQ, 
Cy = 0 pF. 


’T The pulse width obtained with Ry = 39 kQ, C, = 1000 pF. 


AT The maximum percentage change in pulse width of the true 
(Q) output over the temperature range fromthe pulse width 
at 25°C. 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS TRUTH TABLE 


Am26L02/96L02 
For Each Monostable 


Operation 


Trigger 
Trigger 
Reset 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don’t Care ; 

H—L = HIGH to LOW Voltage Level transition 
L—H = LOW to HIGH Voltage Level transition 


INPUT PULSE 
f ~ 25 kHz 
Amp ~ 3.0 V 
Width ~ 100 ns 
t = tr< 10ns 


Figure 1 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


QUTPUT DRIVING INPUT LOAD 
“Low" DRIVEN "LOW" 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


(High level) MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


NOISE 
IMMUNITY ; GND 


(Low level) 
MAXIMUM LOGI sa: 
EEO WC ELEEEGE MAXIMUM LOGIC Current Interface Conditions — HIGH 


VOLTAGE “LOW” INPUT 
VOLTAGE 


OUTPUT /INPUT VOLTAGE LEVELS — VOLTS 


OUTPUT DRIVING INPUT LOAD 
"HIGH " DRIVEN "HIGH" 


DRIVING DEVICE DRIVEN DEVICE 


DRIVING ORIVEN 
DEVICE DEVICE 


Figure 2 


Am26L02/96L02 LOADING RULES 
93L00 SERIES 9300 SERIES 
UNIT LOADS UNIT LOADS 
Input 
Fanout Unit Load Fanout 
Input Output Output Input Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW HIGH LOW HIGH LOW 


| 
| 
| 


| 
| 


Monostable 1 C, | 


~ 
~ 
i) 


6 
6 


1 
2 
3 
4 
5 
6 
7 
8 
9 


| 

— 
N 
_ 
np 


Monostable 
10 
11 
12 
13 


| 

= 
LS) 
= 
nm 


15 
16 


Table | 


Typical Pulse Characteristics 


Negative Trigger Delay Time Normalized Output Pulse Width Normalized Output Pulse Width 
Versus Ambient Temperature Versus Operating Duty Cycle Versus Supply Voltage 


— 


NEGATIVE TRIGGER DELAY—ns 

NORMALIZED O/P PULSE WIDTH 
NORMALIZED OUTPUT PULSE 

WIDTH VERSUS SUPPLY VOLTAGE 


ny 6 
-15 25 75 125 . 45 5.0 5.5 
T,- AMBIENT TEMPERATURE ~C OPERATING DUTY CYCLE -°/s SUPPLY VOLTAGE — VOLTS 


Min. Output Pulse Width Output Pulse Width T Normalized Output Pulse Width 
Versus Ambient Temperature Using Low Values Of Cx Versus Ambient Temperature 


Heese 
mann 


MIN OUTPUT PULSE WIDTH — ns 


NORMALIZED OUTPUT PULSE WIDTH 


F .98 
—25 75 -50 -25 0 25 50 75 100 125 
T, — AMBIENT TEMPERATURE -"Cc - Ty — AMBIENT TEMPERATURE — °c 


Figure 3 


- Am96L02 APPLICATIONS 


Vec 


Q OUTPUT 
Am26L02 


T 96102 
RMM1 


Delayed Pulse Generation 


The first monostable determines the time T, before the initiation of the output pulse. The second monostable 
determines T,, the output pulse width. 


Figure 5 


Am26L02 
T 36102 
RMM1 


Q 


OVERRIDING 
ENABLE 


Pulse Generator 


The output frequency produced with the above configuration is determined by C,, and Ry,,, while the pulse 
width is determined by C,, and Ry,. Monostable 1 forms an astable multivibrator with an output pulse width 
of approximately110 ns, while monostable 2 extends tne pulse width to the required value. 


Figure 6 


PHYSICAL DIMENSIONS 


Dual-in-Li 
Hermetic ice as Molded 


m0 Peeaa lg“ ae i 


“O15 


ADVANCED 
MICRO 
DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
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.Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (1) 


Am26S02 


Schottky Dual Retriggerable, Resettable Monostable Multivibrator 


PRELIMINARY DATA 


Distinctive Characteristics 
@ Advanced Schottky technology with PNP inputs , 
@ Retriggerable 0% to 100% duty cycle 
@ 40Ons to © output pulse width range 
@ 100k922 maximum timing resistor value 


@ Am26S02XM typical pulse width change of !ess than 
0.7% over —55°C to +125°C 


@ Am26S02XC typical pulse width change of less than 
0.35% over 0°C to +70°C 


FUNCTIONAL DESCRIPTION 


The Am26S02 is a dual DC level sensitive, retriggerable, 
resettable monostable multivibrator built using advanced 
Schottky technology. The output pulse duration and ac- 
curacy depend on the external timing components of each 
multivibrator. The Am26S02 features PNP inputs to reduce 
the input loading. 


Provision is made on each multivibrator circuit for triggering 
the PNP inputs on either the rising or falling edge of an 
input signal by including an inverting and non-inverting 
trigger input. These PNP inputs are DC coupled making 
triggering independent ‘of the input rise or fall time. Each 
time the monostable trigger input is activated from the OR 


trigger gate, full pulse length triggering occurs independent 
of the present state of the monostable. 


The direct clear PNP input allows a timing cycle to be 
terminated at any time during the cycle. A LOW on the 
clear input forces the Q output LOW Fegardiess of the 
To or 14 inputs. 


The Am26S02XM has a typical pulse width change of less 
than 0.7% over the full military —55°C to +125°C tempera- 
ture range. The Am26S02XC has a typical pulse width 
change of less than 0.35% over the commercial 0°C to 
+70°C temperature range. 


SCHEMATIC DIAGRAM 
(One Monostable Mul!tivibrator Shown) 
ee see 9 vi ae Cy/Ry 9 2(14) 


eSnie 


ORDERING INFORMATION 


Package. Temperature Order 
Type ; Range Number 


Molded DIP 0°C to + 70°C AM26S02PC 
Hermetic DIP 0°C to+ 70°C AM26S02DC 
Dice 0°C to+ 70°C AM26S02XC 
Hermetic DIP —55°C to +125°C AM26S02DM 
Hermetic Flat Pak —55°C to +125°C AM26S02FM 
Dice —55°C to +125°C AM26S02XM 


LOGIC SYMBOLS 


Vec = Pin 16 
GND =Pin8 


5 Note: 
| | Pin 1 is marked 
Ig for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —~0.5Vto+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vcc max. 
DC Input Voltage —0.5 V to +5.5 V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am26S02XC Ta =0°C to +70°C Vec = 5.0 V £5% (COM’L) MIN, = 4.75 V MAX. = 5.25 V 
Am26S02XM Ta = —55°C to +125°C Vec = 5.0 V £10% (MIL) MIN. = 4.5 V MAX. =5.5 V 
Parameters. Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Vec = MIN, low = —2mA 
Output HIGH Voltage ce OH 2 
VIN = Vi oF Vit 


Vcc = MIN., lot = 20mA 
Vin = Vin-or Vit 


Input HIGH Level Guaranteed input logical HIGH voltage 
for all inputs 

Input LOW Level Guaranteed input logical LOW voltage 
for all inputs 


Input Clamp Voltage Vcc = MIN.,, Iyyy = —18MA 


Output LOW Voltage 


Nie : 7 
Input LOW Current Vec = MAX., Vin = 0.5V 

NH 7 5 
Input HIGH Current Vcc = MAX., Vin = 2.7V 


Input HIGH Current Vcc = MAX., Vin = 5.5V 


4 Output Short Circuit Current Vcc = MAX., VouT = 71.0V 
sc (Note 4) Tp = 25°C Only 
Power Supply Current Vcc = MAX. (Note 5) 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 

. Actual input currents = Unit Load x Input Load Factor (See Loading Rules). 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

- lec is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 


QhWn= 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Vee = 5.0 V, Ry, = 2802, C, = 15pF, 
Suet haeies 

: 

Pulse Width 


Clear Recovery (inactive) to Trigger 


Vcc = 5.0 V, RL = 280 2, C, = 15 pF, 
Pulse Width Q Output 
Rx = 10k, CL = 1000 pF 


Timing Resist 0°C to 70°C 
iming Resistor 
il . —55°C to +125°C 


ae | "Minimum Pulse Width Q Output 


Preliminary Data 


DEFINITION OF FUNCTIONAL TERMS: 

Cp Asynchronous direct CLEAR. A LOW on the clear in- 
put resets the monostable regardless of the other inputs. 

‘Ig Active-LOW input. With 1, LOW, a HIGH-to-LOW 
transition will trigger the monostable. 

1, Active-HIGH input. With lo HIGH, a LOW-to-HIGH 
transition will trigger the monostable. 

Q The TRUE monostable output. 

Q ~The Complement monostable output. 


FUNCTION TABLE 

| 
L H 
L H 

JL LL 

“L 


HIGH 

LOW 

LOW-to-H!IGH Transition 
HIGH-to-LOW Transition 
LOW-HIGH-LOW Pulse 
HIGH-LOW-HIGH Pulse 
Don‘t Care 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


Mono1 1 - 


A Schottky TTL Unit Load is defined as 504A measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


OPERATION RULES 


TIMING 
1. Timing components Cy, and R, values. 


Operating Temperature Range 


te o’cto70°C | -55°C to +125°C 


5kQ. 5kQ 


100k22 50k2 


any value any value 


J Ry/Cy TERMINAL 


Cx 
TERMINAL 
R1+Ro= Ry 
Ry >R, MIN. 


Ro < R, MAX. —Ry 


In the above arrangement, R71 and C, should be as close as pos- 
sible to the device pins to minimize stray capacitance and ex- - 
ternal noise pickup. The variable resistor Ro can be located 


remotely from the device if reasonable care is used. 


3. Pulse width change measurements. 


The pulse width tow is specified and measured with com- 
ponents of better than 0.1% accuracy. If measurements are 
made with reduced component tolerances, the expected ac- 


curacy should be adjusted accordingly. 


4. Timing for C, < 1000 pF. 


When using capacitor of fess than or equal to 1000 pF in value, 
the output pulse width should be determined from the output 


pulse width versus externa! timing capacitance graph. 


5. Timing for C, > 1000 pF. 


For capacitors of greater than 1000 pF in value, the output 


pulse width, tow, is determined by 


tow = (Consult Factory) 


where 
R,, is in kilohms 
Cy is in picofarads 
towOis in nanoseconds 


Vcc Vec 
Ry 
Q,=2N2511 
OR EQUIVALENT 
Cy 4 D1 = 1N3064 OR Cy 
AF EQUIVALENT 
TO Ry/Cy TERMINAL AS O TORx/Cx TERMINAL 
TO Cx 
TERMINAL FERMINSE 


4-361 < 0.6 x R,, MAX. Ro <0.7 x hee x Rx 


6. Protection of electrolytic timing capacitors. 


If the electrolytic capacitor to be used as C, cannot withstand 
1.0 volt reverse bias, one of the following two circuit tech- 
niques should be used to protect the electrolytic capacitor 
from the reverse voltage. 


The output pulse width, tow for the diode circuit modifies 
the previous timing equation as follows: 


tow = (Consult Factory) 
The output pulse width for the transistor circuit is 
tow = (Consult Factory) 


Notice that the transistor circuit allows values of timing re- 
sistor Ro larger than the R, MIN. < R, < R, MAX. to obtain 
longer output pulse widths for a given C,. 


TRIGGER AND RETRIGGER 


1. Triggering. 


The minimum pulse width signal into input To or input 17 to 
cause the device to trigger is 20ns. Refer to the truth table 
for the appropriate input conditions. 


2. Retriggering. 


The retriggered pulse width, tpwrQ, is the time during which 
the output is active after the device is retriggered during a 
timing cycle. It differs from the initial pulse width tpwQ 
timing equation as follows. 


tpwrO = tow + tpLH 


where tp; yj is the propagation delay time from the Ig or ly 
input to the output. Note that tp, is typically 15ns and 
therefore becomes relatively unimportant as tpwQ increases. 


3. Rapid retriggering. 


A minimum retriggering time does exist. That-is, the device 
cannot be retriggered until a minimum recovery time has 
elapsed. The minimum retrigger time is defined by 


tretrig MIN. = 0.224 C, 
C is in picofarads 
tis in nanoseconds 


tPLH |-+——‘om Q — OUTPUT WITH 
RETRIGGER 


OUTPUT WITH oul” 


RETRIGGER 
tretrig- re Q 


INPUT 14; Ig = HIGH 


(INITIAL RETRIGGER 
TRIGGER PULSE 
PULSE 


CLEAR 


A LOW on the clear inputs terminates the timing cycle. 
A new trigger cycle cannot be initiated while the clear is 
LOW. With the clear HIGH, the device is under the com- 
mand of the I and Ig inputs. 


DEFINITION OF SWITCHING TERMS UNIT LOAD DEFINITIONS 
(All switching times are measured at the 1.5V logic level unless HIGH Low 


otherwise noted.) Measure Measure 


f max The highest operating clock frequency. SERIES Current Voltage Current Voltage 
tpLH The propagation delay time from an input change to an out- Am25/26/2700 40pA 2.4V —1.6mA 0.4V 


put LOW-to-HIGH transition. 
; 3 ; : Am25S/26S/27S 50uA 2.7V —2.0mMA 0.5V 
tpH_ The propagation delay time from an input change to an 


output H!GH-to-LOW transition. Am25L/26L/27L 20uA 2.4V $$ —0.4mA 0.3V 
tpw Pulse width. The time between the leading and trailing Am25LS/26LS/27LS 20pA 2.7V —0.36mA 0.4V 


edges of a pulse. 
ty Rise time. The time required for a signal to change from 10% Am54/74 40nA 24V —1.6mA 0.4V 


to 90% of its measured values. 54H/74H ~ 50pA 24V —2.0mA 0.4V 
Fall time. The time required for a signal to change from 90% aes ; ; 7 
to 10% of. its measured values. Am54S/74S SOuA 2.7V —2.0mA 0.5V 
Set-up time. The time interval for which a signal must be  §4L/74L 20uA 24V _0.8mA 0.4V 
applied and maintained at one input terminal before an (Note 1) e : 4 . 
active transition occurs at another input terminal. B4L/74L : 

Hold time. The time interval for which a signal must be (Note 1) 10nA 2.4V —0.18mA 0.3V 
retained at one input after an active transition occurs at 
another input terminal. , Am54LS/74LS 20pnA 2.7V —0.36mA 0.4V 


Release time. The time interval for which a signal may Am9300 40 pA 24V ~1.6MmA 0.4V 
be indeterminant at one input terminal before an active : . 
transition occurs at another input terminal. (The release time Am93L00 20 uA 2.4V —0.4mA 0.3V 


falls within the set-up time interval and is specified by some Am93S00 50uA 27V 2.0 mA O5V 


manufacturers as a negative hold time). 
Am75/85 40uA 2.4V —1.6mA 0.4V 
Am8200 40uA 4.5V -1.6mA 0.4V 


Note: 1. 54L/74L has two different types of standard inputs. 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR STANDARD ACTIVE-PULLUP TOTEM-POLE OUTPUTS 


SET-UP, HOLD, AND RELEASE TIMES LOAD TEST CIRCUIT 


TIMING FROM OUTPUT 
INPUT 5 UNDER TEST 


ALL DIODES 
1N916 OR 
1N3064 


C_ INCLUDES 
PROBE AND JIG 
CAPACITANCE 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. : 
2. Cross-hatched area is don’t care condition. 


PROPAGATION DELAY PULSE WIDTH 


SAME PHASE LOW-HIGH-LOW 
INPUT TRANSITION — . PULSE 


HIGH-LOW-HIGH 
ouTPUT. ——__-___ ; PULSE 


3V 


OPPOSITE PHASE _ yév 
INPUT TRANSITION : 
ov 


2 


Notes: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 502; t, < 2.5ns; ts < 2.5ns. 


4-37 


4-38 


SCHOTTKY INPUT/OUTPUT DEFINITION OF STANDARD TERMS 
VOLTAGE INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
DRIVING DEVICE ORIVEN DEVICE 


L LOW, applying to a LOW voltage level. 
MINIMUM LOGIC 
“HIGH” OUTPUT | Input. 
VOLTAGE 
_COM'L “ O Output. 


Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 


MURTY bu itesl grr 1, LOW-level input current with a specified LOW-level 


(HIGH LEVEL) VOLTAGE voltage applied. 


liq =HIGH-level input current with a specified HIGH-level 


¥ voltage applied. 

MAXIMUM LOGIC 12 

“LOW” OUTPUT & e MAXIMUM LOGIC lo, LOW-level output current. 
VOLTAGE YOLy peioiees “LOW” INPUT 


VOLTAGE lo HIGH-level output current. 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


t(MMUNITY : Fe 
| (LOW LEVEL) Isc Output short-circuit source current. 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Logic LOW input voltage. 
Logic HIGH input voltage. 
LOW-level output voltage with Io, applied. 


DRIVING ORIVEN 7 7 
SCHOTTKY SCHOTTKY HIGH-level output voltage with toy applied. 
DEVICE DEVICE 


Note: Refer to Electrical Characteristics for measure currents. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic 


ie Posi 
oos_| |. 


oS SEATING ; 
150 2.020 MIN. “PLANE 
010 es 


130 
MIN. 00 


‘S Flat’Package 


ADVANCED 
MICRO 

-DEVICES INC. 
901 Thompson Place 
Sunnyvale 
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(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am26S$12/26S12A 


Quad Bus Transceiver 


Distinctive Characteristics 


Quad high-speed bus transceivers 
Driver outputs can sink 100mA at 0.7 V typically 
Choice of receiver hysteresis characteristics 


Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


@ 100% reliability assurance testing including high- 
temperature bake, temperature cycling, centrifuge 
and package hermeticity testing in compliance with 


MIL-STD-883. 


@ Mixing privileges for obtaining price discounts. Refer 


to price list. 


FUNCTIONAL DESCRIPTION 


The Am26S12/26S12A are high-speed quad Bus Transceivers con- 
sisting of four high-speed bus drivers with open-collector outputs 
capable of sinking 100mA at 0.7 volts and four high-speed bus receivers. 
Each driver output is brought out and also connected internally to the 
high-speed bus receiver. The receiver has an input hysteresis charac- 
teristic and a TTL output capable of driving ten TTL Loads. 


An active LOW, two-input AND gate controls the four drivers so that 
outputs of different device drivers can be connected together for party- 
line Operation, The enable inputs can be conveniently driven by active 
LOW decoders such as the Am54S/74S139. 

The high-drive capability in the LOW state allows party-line operation 
with a line impedance as low as 1002. The line can be terminated at 
both ends, and still give considerable noise margin at the receiver. The 


hysteresis characteristic of the Am26S12 receiver is chosen so that the 
receiver output switches to a HIGH fogic level when the receiver input 
is at a HIGH logic level and moves to 1.4 volts typically, and switches 
to a LOW fogic level when the receiver input is at a LOW logic level and 
moves to 2.0 volts typically. This hysteresis characteristic makes the 
receiver very insensitive to noise on the bus. 

The Am26S12A is functionally identical to the Am26S12 but has a 
different hysteresis characteristic so that the output switches with the 
input being typically at 1.2 volts or 2.25 volts. In both devices 
the threshold margin, the difference between the switching points, is 
greater than 0.4 volts. 


LOGIC DIAGRAM/SYMBOL 


ORDERING INFORMATION 


Package 
Type 
Molded DIP 
Ceramic DIP 
Hermetic DIP 
Hermetic Flat Pak 


Order 
Number 


AM26S12PC 
AM26S12DC 
AM26S12DM 
AM26S12FM 
AM26S12XX 
AM26S12APC 
AM26S12ADC 
AM26S12ADM 
AM26S12AFM 
AM26S12AXX 


Part 
Number 


Am26S12 
Am26$12 
Am26S12 
Am26S12 
Am26$12 
Am26S12A 
Am26S812A 
Am26$812A 
Am26S12A.- 2 
Am26S12A'‘% *" 


Temperature 
Range : 


Hia to +75°C 
O°C to +75°C 
—55°C to +125°C 
—55°C to +125°C 
Note 


Dice 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —85°C to +125 C temperature ranges. 


O © 
— 


fo. 1 12 13 
Zo 
Am26S812/26S12A 21 
QUAD 2 
TRANSCEIVER 2 
23 


Bo 8y Bg 83 


Vec= PIN 16 
GND = Pin 8 


CONNECTION DIAGRAM 
Top View 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ~—65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16'to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs 200 mA 
DC Input Current ~—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am26812XC-Am26S812AXC Tp = 0°C to +75°C Vec = 5.0V +5% (COM Range) 
Am26S12XM-Am26S12AXM  -T, = —55°C to +125°C Voc = 5.0V #10% (MIL Range) Note 1 
Parameters Description Test Conditions Min. Typ. (Note 2) Max. Units 


Power Supply Current Vec = MAX. 


Vcc = MAX. or OV; 


Leak 
Busyeakeve current VBus = 4.0V: Driver in OFF State 


COM Io, = 100mA 


Vcc = MIN. 
VIN = Vid OF VIL 


Output LOW Voltage - 


(Note 1) 


1.2 
| Simian | vecsmacvivssy | |e | om | 
jim | Settncmnm | occwmxwiraay | |e ak 
[mm | tunttncwm | veermanewireay Toe | ote | | 


Receiver Characteristics 


Vcc = MIN., Ioy = —800uA 
Output HIGH Voltage Vin = Vi (Receiver) 2.4 Volts 
Vec = MIN., lo_ = 20mA 
VIH Input HIGH Level Threshold Volts 
Am26S12A 2.05 2.25 
es Am26812 1.2 1.4 
Vit Input LOW Level Threshold E=H Volts 
Am26S12A 1.0 1.2 1.4 


Input Threshold Margin E=H 0.4 


S12A FM the output current must be limited at GOMA or the maximum case temperature limited to 125°C for correct 


o|2Slo 
eal rag 
“lal ™N 

E 

oO 

os 

a 


Operation. 


2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 


Oo 


Switching Characteristics (Ta = 25°C, Vcc = 5.0V) 
Parameters Description Conditions Min. Typ. Max. Units 


Turn Off Delay Input to Bus Cie = 15pPF, Rig = 1002 


Turn On Delay Input to Bus - CyB = 300pF, Rig = 502 
Turn Off Delay Enable to Bus Cie = 15pF, Rig = 502 


Turn On Delay Enable to Bus CLp = 15pF, Rig = 502 © 


Turn Off Delay Bus to Output CL = 15pF 


Turn On Delay Bus to Output 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 

Threshold Voltage The voltage level on the input that will cause 
the output to change state. Because the receiver exhibits hys- 
terisis, the LOW level receiver input threshold is different from 
- the HIGH level input threshold. 


ELECTRICAL TERMS 

Vou Output HIGH voltage. The voltage on the output when the 
output is HIGH. 

Vo_ Output LOW voltage. The voltage on the output when the 
output is LOW. 

Vin Input HIGH threshold. The voltage that must be applied to 
the input to cause the output to switch from a HIGH toa LOW. 
Vit Input LOW threshold. The voltage that must be applied to 
the input to cause the output to switch from a LOW to a HIGH. 
Vrm_ Input Threshold Margin. The voltage margin between the 


Vit and Vix of a device. 

Jig Input HIGH current. The current that will flow into the 
input when a HIGH level is present on the input. 

Ij. Input LOW current. The current that will flow out of the 
input when a LOW logic level is present on the input. 

lo Output HIGH Current. The current drawn out of the output 
when the output is HIGH. 

lo. Output LOW Current. The current forced into the output 
when the output is LOW. 

log Output Short Circuit Current. The current that flows out of 
the output when the output and input are both grounded. 

Icc Current drawn from the Vcc power supply. 


SWITCHING TERMS 
tog+ The propagation delay from an input transition to the 


’ output LOW-to-HIGH transition. 


tog— The propagation delay from an input transition to the 
output HIGH-to-LOW transition. 


SWITCHING CIRCUITS AND WAVEFORMS 


Frequency 5MHz 
t, = tz = 2ns Measured Between 
1V to 2V Levels. 


Figure 1. Bus Propagation Delays 


Figure 2. Receiver Propagation Delays 


LINPUT © 


Vo — OUTPUT VOLTAGE — VOLTS 


TRUTH TABLE 
Am26S12/26S12A 


Inputs Outputs Interfacing 


Digital Family 


MSI INTERFACING RULES 
Equivalent 
Input Unit Load 
HIGH LOW 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 

TI Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 

Y = Voltage Level of Bus 


Table | 


PERFORMANCE CURVES 


Am26S12 Typical 
Receiver Input Characteristic 


Vo-OUTPUT VOLTAGE-VOLTS 


14°16 18 20 22 
ViN-INPUT VOLTAGE-VOLTS 


Fig. 3 


INPUT/OUTPUT CIRCUITRY 


DTL Series 930 


Table I! 


Am26S12A Typical 
Receiver Input Characteristic 


3.6 
3.2 


2.8 
2.4 


14°16 18 20 
Vin-INPUT VOLTAGE -VOLTS 


Fig. 4 


LEVEL 
SHIFT 


O Z OUTPUT 


THRESHOLD 
CONTROL 


TO OTHER DRIVERS 


Am26S12/26S12A APPLICATION 


ADDRESS 
STROBE 


Ao Ay 


1/2 Am54S/74S139 


INPUTS INPUTS INPUTS INPUTS 


lo 44 Iz Ig Ig 14 !2 I3 11 Iz Ig Ig lo 14 la 13 
20 20 20 20 


zy RECEIVER Z) RECEIVER 21 RECEIVER 21 RECEIVER 
Am26S812/26S12A OUTPUTS Am26S12/26S12A OUTPUTS Am26S12/26S12A OUTPUTS Am26S12/26S12A OUTPUTS 
22 22 


23 23 23 


1002 PARTY-LINE OPERATION. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Ceramic Molded 


Bom Pee a 
T euttin 

200 ‘ 320 ar ft | 296 

a0 a0 2265 00 A 020 

= |; =m na 

080 (OUTSIDE! - ? 
020 : os a abe 
200 shinee MIN. SEATING F on 
. £ PLANE: 2128 i ‘005 
‘a t oes ge] . 008) 
4 oe “ é 02 378 


| | 
100 
079 _,| _al.sral lL 0230 MIN 
.030 038 L015 


ADVANCED 

MICRO 

DEVICES INC. 

901 Thompson Place 

Sunnyvale 

California 94086 

(408) 732-2400 

TWX: 910-339-9280 

rer DIE SIZE 0.071” x 0.072" TELEX: 34-6306 
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Am2614/9614 


Single -Ended and Differential Line Drivers 


Distinctive Characteristics: 
e Dual differential line driver with complementary out- e 100% 
puts (Am9614) 


eliabilityrassurance testing in compliance 
with MIL STD 883. 


e Quad single-ended driver for multi-channel common e Mixing privileges for obtaining price discounts. Refer 
ground operation (Am2614) ‘to price list. 

e Single 5-volt supply e Electrically tested and optically inspected dice for 

e DTL, TTL compatible the assemblers of hybrid products. 

¢ Short-circuit protected outputs e Available in highly reliable molded epoxy, hermetic 

e 


Able to drive 500 terminated transmission lines dual-in- line, or hermetic flat package. 


FUNCTIONAL DESCRIPTION 


The Am2614 and Am9614 are DTL TTL compatible line drivers 
operating off a single 5V supply. The Am2614 is a quad in- 
verting driver with two separate inputs and one common- 
strobe input for each pair of drivers. The device has active 
pull-up outputs for high speed and good capacitance drive. 
The Am2614 is ideal for single-ended transmission line driv- 
ing, or as a high-speed, high-fan out driver for semiconductor 
memory decoding, buffering, clock driving and general logic 
use. 

The Am9614 is designed to drive either differential single- 
ended, back-matched or terminated transmission lines. The 
device has the active pull-down and active pull-up cir- 
cuits split and brought out to adjacent pins. This allows multi- 
plex operation (wire AND) at the driving end in either the 
single-ended mode via the uncommitted collector or in the 
differential mode by use of the active pull-ups on one side 
and the uncommitted collectors on the other. The complemen- 
tary outputs of the Am9614 give great application flexibility. 

Both the Am2614 and Am9614 have short-circuit protected 
active pull-ups, and incorporate input clamp diodes to reduce 
the effect of line transients, and can drive into 502 terminated 
transmission lines. 


LOGIC DIAGRAMS 


Am2614 Am9614 


DRIVERS Ay, Ag DRIVERA 


DRIVERS By, Bo 
DRIVER B 


Vg = PIN 16 
GND = PIN 8 


CIRCUIT DIAGRAMS 


Am2614 Am9614 


CONNECTION DIAGRAMS 


Top View 


Am2614 Am9614 


Temperature sTROBE AC ——= 


Range 


Package 
Type 


INPUT Ay[_]2 15[_] STROBE B output A[_]2 


Molded DIP ' 
Hermetic DIP 
‘Hermetic DIP 
Hermetic Flat Pak ,- 
Dice 
Molded DIP.” 
Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


0°C to +75°C" 

0°C to-+75°C.. = 
—55°C to +125°C 
55°C to. 4-125°C 
“* “Note 


40°C to +75°C 
“= 0°C to +75°C 


—55°C to +125°C 
—55°C to +125°C 
Note 


AM261459A 
AM261459E 
AM261451E 
AM261451N 
AM2614XXD 


U6M961459X 
U7B961459X 
U7B961451X: 
U4L961451X 

UXX9614XXD 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. 


INPUT A; [_]3 
OUTPUT Ay [}4 
INPUT Ao [~]5 
INPUT Ap [16 


OUTPUT Az [—] 7 


14{__] INPUT 8, ouTPut A[_]3 
13{_] INPUT By 

12[_] OUTPUT B, INPUT A[_]5 
11[_} INPUT By INPUT AL_]6 


10[_] INPUT Bo INPUT A [_]7 


NOTE: PIN 1 is marked for orientation. 


14[_ JoutpuT B 


13 JOUTPUT B 


11f_}INPUT B 


10[__JINPUT B 


MAXIMUM RATINGS (Above which the useful life may be Impatred) 


Storage Temperature 
Temperature (Ambient) Under Bias 


—65°C to +150°C 
—55°C to +125°C 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vcc max 
DC Input Voltage —0.5 Vto +5.5 V 
Output Current, Into Outputs 200 mA 
DC Input Current Note 1 
ELECTRICAL CHARACTERISTICS  Am261459/961459 T, —0°C to +75°C 
Am261451/961451 T, = —55°C to -+125°C 
DC Characteristics (Note 2 LIMITS 
( ) —55°C o°c +25°C +75°C +125°C 


Part No. 


Am261451 
Am961451 
jj 


Am261459 
Am961459 


Am261451 
Am961451 


Am261459 
Am961459 


Am 261451 
Am961451 


Am261459 
Am961459 


Am261451 
Am961451 


Am261459 
Am961459 


' Am261451 
F A 
Input Load clea 


Parameters 


Vou 
Output HIGH 
Voltage 


Test Conditions 


Min Max Min Max Min Typ Max Min Max Min Max Units 


Veer = 4.75 V, loy = —10mA 
Vor 
Output LOW 
Voltage 


Io, = 40 mA 


Vv 


iH Vee, = 4.5 V 
Input HIGH 


Vee. = 4.75 V 


Vecy = 5.5 V 


Vocy = 5.25 V 


Vocy = 5.5 V, 


—1.65—2.40 
—1.10—1.60 


Current 


Ik 


Vecy = 5.5V, Ve =4.5V 


60 


a) 
=1.50=2.40| __— 240 
—, =1.00-1.60| 1.60 


Reverse Input 
Current 


AmBs1aEG| VOCH = 5:25V, Va=4.5V 
Am261451 
Amgei45i | Vec=55V, Vor OV fs 
Am261459 
Amgei45g | Veo =5:25V, Vo = OV es sea 


AM261451 


Isc : 
Short Circuit 
Current 


Amg961451 Vec = 5.5V, Inputs = OV 48.7 
Am 
hp Ree: Veco =7.0V, Inputs =0V 
Power Supply 
Current aeae Voc = 5.25V, Inputs =0V 
Amesiaee;| Vec= 70¥, Inputs = OV 
Am261451)| 
lex Amg61451,| VccH = 95M, Vex = 12V 100 
Reverse Output A tI 
euirent ft pd Vocu = 5.25 V, Veex = 5.25 V 
Am261451 : 
Votc Am961451: Vecu = 5.5V, lotic = —40 mA 
Output Low aueetdes 
Clamp Voltage Am961459 Vecu = 5-25 V, lore = —40 mA 
Am261451 
Vic Amg6i4s1 | Yect = 45 V: lig = —12mA 
Input 
Clamp Voltage tainesvaes Veo = 4.75 V, lic = —12mA 
Switching Characteristics ioe Rea 
Parameters Test Conditions Min Typ Max Min Typ Max _ Units 


Am9614 
Am9614 
Am2614 
Am2614 


Note 1. Maximum current defined by DC input voltage. 
2. Pulse tested. 
3. For Am2614 strobe. nput currents use loading rules. 


Turn Off Delay 
Turn On Delay 
Turn Off Delay 
Turn On Delay 


Voc = 5.0 V, C, = 30 pF 
Vy = 1.5 V, Refer to Fig. 1 


Vu = 1.5 V, Refer to Fig. 92 
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TYPICAL ELECTRICAL CHARACTERISTICS 


Output Low Current Versus 
Output Low Voltage 


Igo — OUTPUT CURRENT — mA 
loy — OUTPUT CURRENT — mA 


0.2 03 04 05 06 07 
Vo. — OUTPUT VOLTAGE ~ VOLTS 


Supply Current Versus 
Supply Voltage 


loc — SUPPLY CURRENT — mA 
Icc — SUPPLY CURRENT — mA 


20 
-60 -200 20 
T, — AMBIENT TEMPERATURE — °C 


Vcc — SUPPLY VOLTAGE — VOLTS 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 

F Forward, applying to LOW inputs. 

H HIGH, applying to a HIGH logic level or when used with Voc 
to indicate high Vcc> value. - 

1 Input. 

L LOW, applying to LOW logic level or when used with Vo, to 
indicate low Vcc value. 

O Output. 

R_ Reverse, applying to HIGH inputs. 


FUNCTIONAL TERMS: 

APU Active Pull-Up. The circuit network which presents a low 
impedance to the load when the device is switching from a LOW 
state to a HIGH state. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of TTL Input Unit Loads. 

R,, Back Matching Resistor. The resistor used to match the output 
impedance of the driver with the characteristic impedance of the 
transmission line. 


SWITCHING TERMS: 
tod+ The propagation delay from a HIGH to LOW input transition 
to the LOW to HIGH output transition. 


toa The propagation delay from a LOW to HIGH input transition 
to the HIGH to LOW output transition. 


Output High Current Versus 
Output High Voltage 


Von — OUTPUT VOLTAGE — VOLTS 


Supply Current Versus 
Temperature 


Logic Levels Versus 
Ambient abel celed 


H—t+-Vor Glot = 40 maA—+— 
ee eo ea 
-20 0 20 

Ta- AMBIENT TEMPERATURE —°C 


Vout — OUTPUT VOLTAGE — VOLTS 


Supply Current Versus 
Operating Frequency 


tog — SUPPLY CURRENT — mA 
N 
o 


100 ; : . 10 2¢ 
f — FREQUENCY — MHz 


OPERATIONAL TERMS: 

I, Forward input load current, for unit input load. 

loy Output HIGH current, forced out of output in Vo,, test. 
Io, Output LOW current, forced into the output in Vo, test. 


Ipp The power supply current with the Voc specified and Inputs at 
OV. 


I, Reverse input load current with V, applied to Input. 

I;¢ Output current when output set to Vo, condition but forced low. 
Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 


Vic Input clamp voltage. The voltage at the input with a negative 
input current of 12 mA. 


Vix Minimum logic HIGH input voltage. 
V,, Maximum logic LOW input voltage. 


Vox Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 


Vo, Maximum logic LOW output voltage with output LOW current 
Io, into output. 


V,; Forward LOW input voltage, for forward input current (I;) test. 


V, Input reverse HIGH voltage applied for input leakage current, 
(Ip) test. 
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Todt tpg —PROPAGATION DELAY TIMES — ns 


SWITCHING CIRCUITS AND WAVEFORMS 


Am2614 
Vec 


INPUT PULSE 


Figure 1 


Am9614 


INPUT PULSE 


INPUT PULSE 

Frequency = 500 kHz 
Amplitude = 3.0 +0.1V 
Pulse Width = 110 +10 ns 
t. =t, <5.0 ns 


TYPICAL ELECTRICAL CHARACTERISTICS 


Am2614 
-Propagation Delay Time 
Versus Temperature 


-66 -20 0 20 60 100 140 
Tp, — AMBIENT TEMPERATURE — °C 


Transfer Characteristics Transfer Characteristics 
Versus Temperature Versus Supply Voltage 


Vout — OUTPUT VOLTAGE — VOLTS 
Vout — OUTPUT VOLTAGE ~ VOLTS 


0 OS 10 15 20 25 30 3.5 0 05 10 15 20 25 30 35 
Vin — INPUT VOLTAGE — VOLTS Vin — INPUT VOLTAGE — VOLTS 


USER NOTES 


DIFFERENTIAL LINES The Am9614 dual differential line driver can 
be used with the Am9615 dual differential line receiver to form an 
interconnection system which can tolerate extremely noisy environ- 
ments and interconnect equipments where there is a +15V differ- 
ence in voltage level of the equipment grounds. Two wires are used 
for each channel to form a balanced transmission line. This method 
of sending data between equipments offers extremely high protection 
from common mode noise and also gives excellent DC noise margins. 


SINGLE ENDED LINES The Am2614 quad line driver and the 
Am2615 dual differential receiver allow data to be transmitted with 
only a single data wire per channel and a common ground for 
typically 8 data wires. This single ended mode of interconnection 
offers considerable savings in integrated circuit packages 
required and effectively halves the number of interconnections as 
compared to a balanced differential system. The method still gives 
+15V common mode rejection and DC noise margin of intercon- 
nected TTL logic. The common ground wire should be 
twisted in with the data wires so that any injected noise is common 
to all wires. If a multiwire cable with screen is used one of the 
wires is used as the common ground line, and the screen is tied to 
ground at the driving end only. 


MATCHING Transmission lines can be matched in a number of 
iways. The most widely used method is to terminate the line at the 
receiving end in its characteristic impedance. This impedance is 
connected across the input terminals of the receiver. A 1300 resistor 
is included at the + input of each receiver for matching twisted 
pairs and this resistor, or if the characteristic impedance is not 
1302, a discrete resistor, is connected between the two receiver 


inputs. This method of matching causes a DC component in the 
signal. Power is dissipated in the resistor and the signal is attenu- 
ated. The DC component can be effectively removed by connecting 
a large capacitor in series with the terminating resistor. 


The transmission line can also be terminated through the receiver 
power supply by placing equal value resistors from the + input of 
the receiver to Vcc and from the — input to ground. This method 
again has the disadvantage that a DC signal component exists, 
attenuation occurs, and power is dissipated in the terminating re- 
sistors but it does allow multiplexed operation in the balanced 
differential mode. 

An alternate method to matching at the receiver is to back match 
at the driver. A resistor is placed in series with the line so that the 
signal from the driver which is reflected at the high input impedance 
of the receiver is absorbed at the driver. This method does not have 
a DC component and therefore no attenuation occurs and power is 
not dissipated in the resistor. For balanced differential driving a 
resistor is required in series with each line. The table below shows 
the value of each matching resistor required for lines of different 
characteristic impedance. 

MULTIPLEXING When operating in the balanced differential mode 


the Am9614 driver can be OR tied with other devices to allow multi- 
plexed operation. The open collector NAND outputs are connected 


together and the active pull up AND outputs are connected together.’ 


Selection of the active driver can be made by two of the three logic 
inputs on the driver. Multiplexed operation can only be performed 
with the lines terminated to the appropriate voltage level at the 
driver so that this method has a DC component and power is 
dissipated in the terminating resistors. 


TYPICAL DC CHARACTERISTICS 
FOR MATCHING TO TRANSMISSION LINE 


x 
& 

| 
be 
2 
wi 
a 
a 
2? 
oO 
ad 
2 
oO. 
Ee 
2 
° 

| 

Kk 

2 
5 


-4 -2 10 
Vout — OUTPUT VOLTAGE — VOLTS 


BACK MATCHING TABLE 


Ru (ohms) 


SINGLE ENDED | DIFFERENTIAL 


LOADING RULES 


Am2614 Am9614 
Fanout Fanout 
Input Output Output Input Output Output 
Input/Output Pin No.’s_ Unit Load HIGH LOW Input/Output Pin No.’s Unit Load HIGH LOW 
Strobe A 1 3 _ ~ APUA 4 —_ 166 _ 
Input A, 2 1.5 _ _ Output A 2 — — 25 
Input A, 3 1.5 —_ — Output A 3 _ _ 25 
Output A, 40 _ 166 25 APUA 4 _ 166 — 
Input A, 5 1.5 = _ InputA 5 1 _ — 
Input A, 6 1.5 _ _ Input A 6 1 _— —_— 
Output A, 7 _— 166 25 Input A 7 1 _ —_ 
GND 8 — _ —_ GND 8 _ — _ 
Output B, 9 _ 166 25 Input B 9 1 _— _ 
Input B, 10 1.5 _ —_ Input B 10 Z _ _— 
Input B, 11 1.5 _ _— Input B 11 1 _ _ 
Output B, 12 _ 166 25 APU B 12 _— 166 _ 
Input B, 13 1.5 _ _ Output B 13 _— _ 25 
Input B, 14 1.5 = — Output B 14 _ — 25 
Strobe B 15 3 —_— — APUB 15 —_— 166 —_— 
Veco 16 = a a Vee 16 — a — 
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Am2614/9614 APPLICATIONS 


Single-Ended Back-Matched Operation 
With Common Ground 


Y% Am2614 Am2615 


3 
2 


OUTPUT 
STROBE 
1 


Expand by tleing “NAND” outputs together 
and by tieing active pull-up “AND” outputs 
together. 

The drivers can be inhibited by taking one 
input to ground. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Molded 


100 
.070 e 375 


035 015 “325 


Metallization and Pad Layout 
56 x 61 Mils 


OUTPUT B ADVANCED 
MICRO 

DEVICES INC. 

APU B 901 Thompson Place 
INPUT 8 Sunnyvale 
California 94086 

(408) 732-2400 

TLX: 34-6306 

TWX: 910-339-9280 


OUTPUT B 
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Am2615/9615 


Dual Differential Line Receivers 


Distinctive Characteristics: 


¢ Dual differential receiver (Am9615) pin-for-pin e Choice of uncommitted collector or active pull-up 
equivalent to the Fairchild 9615 ‘outputs 

¢ Dual differential receiver for single-ended data e 100% reliability assurance testing in compliance with 
(Am2615) MIL-STD-883 


e Electrically tested and optically inspected die for the 


° Single 5-volt supply assemblers of hybrid products 


e High common-mode voltage range (+15 volts) e Mixing privileges for obtaining price discounts. 
e Frequency response control, strobe, and internal ter- Refer to price list 

minating resistor e Available in highly reliable molded, hermetic dual-in- 
e Am2615 has fail safe capability line or hermetic flat package 


FUNCTIONAL DESCRIPTION 

The Am2615 and Am9615 are dual differential line receivers 
designed to receive digital data from transmission lines and 
Operate over the military.and industrial temperature ranges using 
a single 5 volt supply, The Am2615 can receive 3 volt single ended 


and the Am9615 +500 mV differential data in the presence of M 13 4 i ; 7 
Zero common mode voltage, +2.0V in the presence of +15V com- 
mon mode voltage and deliver undisturbed logic levels to the fol- aes 1309 
lowing DTL or TTL circuitry. The response time of each receiver i 
and thereby immunity to AC noise can be controlled by an ex- 5 
ternal capacitor. A strobe is provided for each receiver together 
with a 1302 input terminating resistor. Each output has an un- 
committed collector with an active pull-up network available on an 
adjacent pin. 
The Am2615 is identical to the Am9615 except for the input : i. i. ; 4 1 


offset (threshold) voltage. The Am2615 has an input threshold of 

~1.5V compatible with DTL & TTL logic. The Am9615 has an in- 

put threshold of ~OV. The Am2615 can directly replace the Am9615 Voc = PIN 16 
and provides fail safe protection via the output going to a LOW state GND = PIN8 
when the inputs are open or disconnected. 


LOGIC DIAGRAM 


CIRCUIT DIAGRAM 


Am2615 ONLY 


ORDERING, INFORMATION CONNECTION DIAGRAM 
- : Top View 

Part | Package Temperature Order 
Number Type Range Number 


Am2615 Molded DIP O°C to +75°C AM264559A 
Am2615 Hermetic DIP O°C to +75°C + —AM261559E 
Am2615 Hermetic DIP —55°C to +125°C s AM261551E strose A[}3, 14F7] Active PULL-UP B 
Am2615 Hermetic Flat Pak —55°C to 4:125°C AM261551N RESPONSE CONTROL A [7]4 
Am2615 Dice _éSee,Note, “ AM2615XXD 

Am9615 Molded DIP Ob7 U6M961559X +inpuT AS 12[] RESPONSE CONTROL B 
Am9615  —- Hermetic DIP" O°C:t0'+75°C + _U7B961559X 

Am9615 Hernietic DIP: 55°C to +125°C +U7B961551X 

Am9615_ Hermetic Flat Pak —55°C to +125°C + U4L961551X -inpuTA(7] 7 
Am9615.—s—tiéOice Note UXX9615XXD 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and ~55°C to +125°C temperature ranges. NOTE: PIN 1 is marked for orientation.- 


ACTIVE PULL-UPA[_ }2 15[_] OUTPUT B 


13]_] STROBE B 


110] + INPUT B 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Strobe Input Voltage 

DC Data Input Voltage 

Output Current, Into Outputs 

DC Input Current 


Am2615 ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 


Am261551X Vo, = 4.5 V to 5.5V T, = —55°C to +125°C (MIL grade) 
Am261559X Vig = 4.75 V to 5.25V T,=0°C to +75°C (COM grade) 


Input Resistor 


Vt 


Switching Characteristics (1, = 25°c) 
Parameters 


tia, TurnOff Delay R, = 3.9 ko 
tg— TurnOnDelay R, = 3902 Refer to figure 4 


Test Conditions Min 


Vec = 5.0 V, C, = 30 pF 


Am261551 
Typ 


—65°C to + 150°C 

—55°C to +125°C 

—0.5Vto+7V 

—0.5 V to +13.2 Vv 

—0.5 V to +5.5 V 

—20V to+20V 

30 mA 

maximum current is defined by DC Input Voltage 


LIMITS 
. T, = Min T, = 25°C T, = Max 
Parameters Description Test Conditions Min Max Min Typ Max Min Max _ Units 
-Voco = MIN, Io, = —5.0 mA © 
Output HIGH Voltage ce » “OH 2.4 2.4 Volts 
You | Output HIGH Voltage Ving = +0.8V,Viy_ =O0V 24 faq 92 fae 
Veco = MAX MIL grade | 0.40 | 18 0.40 0.40 n 
Vor Output LOW Voltage Joy = 15.0 mA Volts 
| 
Vec = MIN | v., =12V | MIL grade 
Output Leakage Current Ving = OV 100 BA 
| —~15 —80 |-15 —39 ~—80/—15 --80 
Output Short Circuit MIE Grave alana: 8 os 8 mA 
Current 
COM grade | —14 —100|—14 —39 —100/—14 —100 
Vac = MAX 
I Input Load Current ce —0.9 --0.49 —0.7 —0.7; mA 
, Tiust) Strobe Input Low Vee = MAX Ving =+20V —2.4 —1.15 —2.4 —2.4 mA 
. Current Vsq => Vor MAX Vine = 0 Vv 
Hire) Response Control Input Voc = MAX Ving = +2.0V 
Load Current Vac = Vo, MAX Vin = OV 
Vou Common Mode Voltage Veo =5.0V Ving - Vine =040r2.4V 
Unst) Strobe Input HIGH 
Current. 


Am261559 


Min Typ 


ta; Turn Off Delay Strobe to Output | R, = 3.9k2, C, = 30 pF 
ta Turn On Delay Strobe to Output | R, = 3902: 


~ Am9615 ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE’ 


Am961551X Veg=4.5Vto5.5V T,=—55°Cto+125°C (MIL grade) 
AM961559X Veg = 4.75 Vto 5.25V T, = 0°C to +75°C (COM grade) 
LIMITS 
T, = Min T, = 25°C T, = Max 
Parameters Description Test Conditions Min Max Min Typ. Max Min Max Units 
Veo = MIN, loy = —5.0 mA 
V Output HIGH Voltage ce » OH : 
OH p g Ving = —05V, Vy =OV" 2.4 3.2 2.4 
Veco = MAX MIL grade 18 0.40 0.40 
Output LOW Voltage loy = 15.0 mA Volts 
Ving = +0.5V, Vin_ =0 COM grade Es 25 0.45 0.45 
Vec = MIN | vi, =12V | Mil grade 
loex Output Leakage Current Ving =OV 100 200 | wA 
Vin = Voc | Veex = 5-25 V) COM grade 
Isc Output Short Circuit MIP ateds —— pe eeres oay 
, Current 
COM grade | —14 —100} —14 —39 —100) —14 —100 
1 Input Load Current — | Voc = MAX —0.49 —0.7 -0.7| mA 


lusty Strobe Input Low Voc = MAX Ving = +0.5 V 
—1.15 —2.4 —2.4| mA 
Current Vst = Vormax Vin- =OV 
hire) Response Control Input Veco = MAX Ving = +0.5 V 
Load Current Vic=Vor max Vin OV een oe 
Vou Common Mode Voltage Voc = 5.0 V Ving. 7 Vin— —15 +15) —15 +17.5 +15 fv | 
Voc = MIN 
huis Strobe Input HIGH Ver = 4.5V Mist ah 
Current Ving = 0.5 V 
Vin =0V COM grade 
Veo = 5.0 V MIL grade 77 130 167 
Rin Input Resistor Ving =OV 
COM grade 74 #130 179 
Von Differential - Input : 
—0. .5/—0.5 +0.02 +0.5 Vv 
Threshold Voltage es Dee 
MIL grade 
loc Power Supply Current 
COM grade 28.7 50 aie 
Switching Characteristics (1, = 25°c) amasisstx Am961559X 
Parameters Test Conditions Min 2 Max Units 


tha, Turn Off Delay 


ta Turn On Delay Refer to figure 4 


R, = 3902 
Strobe to Output 


Strobe to Output 


tog + Turn Off Delay 


toa Turn On Delay 


JEFINITION OF TERMS 
SUBSCRIPT TERMS: 
1 HIGH, applying to a HIGH-signal level or when used with Voc 
o indicate HIGH Vcc value. 

Input. 

LOW, applying to a LOW signal level or when used with Voc 
o indicate LOW V¢¢ value. 
> Output. 


)PERATIONAL TERMS: 


i, Forward input load current, for unit input load. 

on Output HIGH current, forced out of output in Vo, test. 

o. Output LOW current, forced into the output in V,, test. 

in Reverse input load current. 

tegative Current Current flowing out of the device. 

cc The current drawn by the device under the maximum specified 
»ower Supply. 

’ositive Current Current flowing into the device. 

hy Minimum logic HIGH input voltage. 


‘Maximum logic LOW input voltage. 


Vou Minimum logic HIGH output voltage with output HIGH 
current I,,, flowing out of output. 


Vo, Maximum logic LOW output voltage with output LOW current 
Io, into output. 

Icex Reverse output current with Vo;.y applied to output. 

I5¢ Short circuit output current with V.~ applied to output. 

Voy Common mode voltage. 

Viy Input Differential Threshold Voltage referred from A+ to A— 
and from B-+ to B—. 

Rin ‘Internal Resistor available for terminataing 1309 transmission 
line. 


SWITCHING TERMS: 


tay The propagation delay from the differential voltage going 
below threshold to the LOW to HIGH output transition. 


t The propagation delay from the differential voltage going 


above threshold to the HIGH to LOW output transition. 4-53 
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Vout — OUTPUT VOLTAGE — VOLTS Voz — OUTPUT LOW VOLTAGE — mv 


jy — INPUT CURRENT — mA 


‘Output Low Voltage 
Versus 
Output Low Current 


0 5 10 15 20 


lo. — OUTPUT LOW CURRENT — mA 
dee ty 3 


Strobe Input-Output 
Transfer Characteristic 
Versus Voc 


‘i = 
0 (ere 3 4. 
Vin — STROBE INPUT VOLTAGE — VOLTS 


input Current Versus 
_ Input Voltage 


‘ : 
Nico SOW! fe) a A 
UNTESTED INPUT=OV | | AU | 
4 ‘ y 
Ta = 25°C . 
ital Vane 


or AB, ca He De 


-25 -20>15-10 -5 0 5 10 15 20 25 
Vin — INPUT VOLTAGE — VOLTS 


Vot — OUTPUT VOLTAGE — VOLTS 


Vi, — STROBE INPUT VOLTAGE — VOLTS 


ted — SWITCHING TIME — ns 


Von — OUTPUT HIGH VOLTAGE — VOLTS 


loc — POWER SUPPLY CURRENT — mA 


D. C. CHARACTERISTICS 


Output High Voltage 
Versus Output Voltage Versus 
Output High Current Ambient —— 


ao 


ty 


w 


N 


Voyrt — OUTPUT VOLTAGE — VOLTS 


0 
“10-200 -30- 40-50 ~60-40-20 0 20 40 60 80 100120140 
ic — OUTPUT HIGH CURRENT — mA T, — AMBIENT TEMPERATURE — °C 


Strobe Input-Output 
Transfer Characteristic 


Output Voltage Versus Common 
Versus Ambient Temperature 


Mode Voltage (Am9615) 


Vout - OUTPUT VOLTAGE — VOLTS 


fr) 
-25 -20-15-10 -5 O 5 10 15 20 25 
VCM-'COMMON MODE VOLTAGE — VOLTS 


Power Supply Current Power Supply Current 
Versus Versus 
Power Supply Voltage Ambient Temperature 


+HINPUTS = Voc 
-INPUTS = OV, 


Sd 
+INPUT = Veg | 


INPUT = OV 


log — POWER SUPPLY CURRENT — mA 


i) 
-60 -40-20 0 20 40 60 80100120 140 
T, — AMBIENT TEMPERATURE -°C 


0 1 2 3 4 5 6 7 
Vec — POWER SUPPLY VOLTAGE — VOLTS 


Switching Time 
_ Versus 
Ambient Temperature 
| 
| 
| 


oO 
-60-40-20 0 20 40 60 80 100120140 
Ta — AMBIENT TEMPERATURE -°C 


THRESHOLD CHARACTERISTICS 


Am2615 Am9615 
Input-Output Transfer Input-Output Transfer Input-Output Transfer Input-Output Transfer 
Characteristic Characteristic Characteristic Characteristic 
Versus Voc Versus Temperature Versus Voc Versus Temperature 


| | LT T, = 25°C 
A 


T, = 125°C! 


mini: eae 
PCr Ae dl ae 
CWO 


AT TT ol pf | A 


oF 0 
0 1 2 3 4 2 3 4 0.05 0.00 0.05° 0.10 0.15 -0.2 ie) 0.2 0.4 
Vin ~ INPUT VOLTAGE — VOLTS Vin — «NPUT VOLTAGE — VOLTS Vin, — 'NPUT VOLTAGE ~ VOLTS aye INPUT VOLTAGE — VOLTS 


Rs — OUTPUT VOLTAGE ~ VOLTS 


Vout — OUTPUT VOLTAGE — VOLTS 
Vout — OUTPUT VOLTAGE — VOLTS 
Vout ~ OUTPUT VOLTAGE - VOLTS 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 


(PIN 4 OR 12) 
CAPACITANCE 
<5 pF 


tpd- tpd+ 


VOUT my | | a 
— —— _o — ee 15 
(PIN 3 OR 13) *USE Vin OR Vi. 


GROUND OTHER INPUT. l 


Figure 4 


FREQUENCY RESPONSE CONTROL Am2615/9615 LOADING RULES 
Input Fanout 
Pin Unit Output Output 
Input/Output No.’s Load HIGH LOW 
Out 1 —_ o/c 10 
Active Pull-Up 2 _ 83 — 
< 
RESPONSE Ts +; | Response Control 3 — = = 
CONTROL PIN a > Strob ; 7 
(PIN 4.OR 12) ® robe ‘i — — 
© +n 5 0.5 = = 
1302 6 — — i 
Frequency Response = 
Versus Capacitance —In 7 0.5 = 
GND 8 —_— —_ — 
10M 
— In 9 0.5 _ —_ 
= om 130 2 10 = — ae 
5 m 
Bis 5 + In 11 0.5 = Be 
3 3 Response Control 12 — — — 
P< 
a i & Strobe 18, 45") oe? ee 
an eel me a Active Pull-Up 14 — 83 = 
Pe Siimmaiimmalimaaiin out 18 ee Re wt 
oot 04 10°10 Veo 16 = a a 


CAPACITANCE — uF 
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Am2615 STANDARD USAGE 


Single-Ended-Back Matched Operation 
With Common Ground 


Yo Am2614 Am2615 


Am9615 STANDARD USAGE 
Differential Operation 


Y Am9614 Yy Am9615 


INPUT STROBE 


Photograph of an Am9615 
switching differential data in 
the presence of high common 
mode noise. 


OUTPUT -A 


PHYSICAL DIMENSIONS 
Hermetic nee Molded 
-760 . 


be “680° “| 
& tt A 


30. lel | 2 ns fal ; ones Bone | 97 |---| 


ra 


OUTPUT A 1 15 OUTPUT B 


ACTIVE 2 14 ACTIVE 
PULL-UPA PULL-UP 8 
= — 


STROBE A 3 13 STROBE B ADVANCED 
CONTROL | Perle 3) CONTROL B MICRO 
DEVICES INC. 

- 901 Thompson Place 
1302. A 6 10 13082 B Sunnyyele 

AINBUTAS INDOLE California 94086 

(408) 732-2400 

TWX: 910-339-9280 

abe 53 x 58 Mils TELEX: 34-6306 


+INPUTA 5 11 +INPUT B 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (3) 


Am78/8831-Am78/8832 


Three -State Line Driver 


Distinctive Characteristics 


@ Three-State Line Drivers pin-for-pin equivalent to the @ 40mA sink and source current 
DM78/8831 and DM78/8832 


@ Series 54/74 tibl 
@ Mode control for quad single-ended or dual differen- shies oat 7s compare 


tial operation @ 13ns typical propagation delay 
@ Common bus operation @ 100% reliability assurance testing in compliance with 
@ High-drive capability MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am78/8831 and Am78/8832 line drivers can be used either as 
a quad single-ended driver or as a dual differential driver. Each 
driver has a three-state output making the device particularly suit- 
able for party-line operation where several drivers are directly con- 
nected to the same bus. The Am78/8832 does not have the Vcc 
clamp diodes found on the Am74/8831. 


When used for single-ended operation the two differential/single- 

ended contro| inputs are held LOW. The device then operates as 

four independent non-inverting drivers. For differential working at 

least one differential/single-ended control input is held HIGH. The 

A-channel inputs are connected together and the B-channel inputs a Am78/8831 
are connected together. Signa) inputs will then pass non-inverted to Am78/8832 
the Ag and Bo outputs and inverted on the Aq and By outputs. 

For party-line operation outputs of different channels are tied to- 

gether, and outputs of all channels except one are forced into the 

third high impedance state by having at least one of the channel 

disable inputs HIGH. The channel that is enabled has both channel 

disable inputs LOW, and the low-output impedance of this output 

at both logic levels controls the level of the bus, provides good 

capacitance drive and insures good waveform integrity. 

The channel which is enabled can conveniently be selected by a 

decoding matrix using Am9301 1-of-10 or Am9311 1-o0f-16 active 

LOW output decoders. The high drive capability at both logic levels Vec = Pin 16 
enables drivers to drive a low impedance line and still supply the GND =Pin8 
inverse leakage current of several disabled drivers. 


LOGIC DIAGRAM 


DIFFERENTIAL/ 
SINGLE-ENDED 
MODE CONTROL 


—_—_—_. —— 
ENABLE A 16 ENABLE B 
-_o 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Am78/ Am78/ 

8831 8832 

Package Temperature Order Order 
Type Range Number Number 


Molded DIP O°C to +75°C DM8831N DM8832N 

Hermetic DIP O°C to +75°C DM8831J DM8832J 
Dice O°C to +75°C AM8831XC AM8832XC 

Hermetic DIP -55°C to+125°C DM78315 DM78323 

Hermetic Flat Pak -55°C to+125°C DM7831F DM7832F 
Dice -55°C to +125°C AM7831XM AM8832XM 


Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5Vto+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vec max 
DC Input Voltage —0.5Vto+5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 
Time that 2 Bus-Connected Devices May Be in Opposite Low Impedance States Simultaneously co 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am8831, Am8832 Tp = 0°C to +78°C Vec = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am7831, Am7832 Tp = —55°C to +125°C Vec = 5.0V +10% (MIL) MIN, = 4.5V MAX. = 5.5V 

a . . Typ. . 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


lon =—40 mA 
Vec =MIN., 
Output HIGH Voltage Am7831, 32 loH = —-2 mA 
Vin = Vin oF VIL = 
Am8831, 32 loH = —5.2 mA 


Veco = MIN., 1oL = 40mA 
VoL Output LOW Voltage ee OL 
VIN = Vin or Vit | lol = 32 mA 


Unit Load 
Input LOW Current 


Input HIGH Current Vec = MAX., Vin =5.5 V 
Voc = MAX., E = 2.4 V, V =2.4V 
. ILK Output Leakage Current Ss a our. 
Vcc = MAX., E = 2.4 V, Vout = 0.4 V 
Input Clamp Diode Voltage Vcc = 5.0 V, 1) = —12 mA, Ta = 25°C 


: Voc = 5.0 V, 1p = 12 mA, Ta = 25°C 
Vo Output Clamp Diode Voltage ce I - A 
Am78/8831 Only 


Output Substrate Diode Voltage | Voc = 5.0 V, ly = —12 mA, Ta = 25°C 


Notes: 1. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
2. Only one output should be shorted at a time. 


SWITCHING CHARACTERISTICS (Ta = 25°) 
Parameters Description Min. Typ. Max. Units 


Delay from Inputs Ay, Az, B1, Bg and 
Single-Ended/ Diff. Control to Output 


TYPICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay from Input 
to Output (Channel 1} 


PROPAGATION DELAY — ns 


Differential/Single Ended Mode 
Control Inputs at Logical “0” 
-75 -50-25 0 25 50 75 100 125 
Tp, — AMBIENT TEMPERATURE - °C 


Delay from Disable to High 
Impedance State 


DELAY — ns 


0 
-75-50-25 0 25 50 75 100 125 
Ty — AMBIENT TEMPERATURE -°C 


Total Supply 
Current Versus Frequency 


loc — SUPPLY CURRENT — mA 


10) 
01 J 1 10 100 
FREQUENCY. — (MHz) 


lout Versus Vout High 
Impedance Output State 


+ 
PS 
o 


lout — OUTPUT CURRENT — ma 


-2 0 2 4 6 8 
Vout — OUTPUT VOLTAGE -—V 


DELAY — ns PROPAGATION DELAY — ns 


loy — OUTPUT VOLTAGE - V 


DELAY — ns 


Propagation Delay from Input 


“to Output (Channel 1) 
30 


Vee =5.0V 


25 


Differential/Single Ended Mode 
Contro) Inputs at Logical ‘1 


0 
-75 -50~25 0 25 50 75 100 125 
Ty, — AMBIENT TEMPERATURE - °C 


Delay from Disable to Low 
Impedance State 


0 
-75 -50 ~25 0 25 50 75 100 125 
Ta — AMBIENT TEMPERATURE — °C 


Logical ‘1’ Output Voltage 
Versus Source Current 


Igy ~ OUTPUT CURRENT — mA 


Propagation Delay 
in Differential Mode 


Ty, — AMBIENT TEMPERATURE —°C 


PROPAGATION DELAY — ns PROPAGATION DELAY — ns 


Vol — OUTPUT VOLTAGE - V 


INPUT O 


Va-V4 


Propagation Delay from Input 
to Output (Channel 2) 


0 
~75-50-25 0 25 50 75 100 125 
Ta, — AMBIENT TEMPERATURE - °C 


Propagation Delay 
Versus Load Capacitance 


10 100 ~ 1000 10,000 


Cy, — LOAD CAPACITANCE — pF 


Logical ‘‘0’’ Output Voltage 


Versus Sink Current 


lo, — OUTPUT CURRENT —mA 


INPUT A OUTPUT A 
1 1 


Am7831/ 
Am8831 

Am7832/. 
Am8832 5000 pF 


INPUT A. OUTPUT A 
2 2 


tod? 
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SWITCHING TIME WAVEFORMS AND TEST CIRCUIT 


INPUT 
tr ty <10ns 


: ae 
DISABLE 
VOH 
HY 


fee ne | 
INVERTED a YH 1.5V 


OUTPUT 
VoL +0.5V 
VoL 


ae VOH 
\\\ ee a VoH -0.5V 
NON-INVERTED LAA i 1.5V 
OUTPUT T] 
ty en eae SS ————— VoL +0.5V 
VoL 


NOTE: Voz. and Voy refer to actual voltages on output LOW and HIGH states. 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


DON'TCARE; CHANGING 

M 1 ° 

reac srEAGY ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
OOES NOT LINE IS HIGH 
APPLY 'MPE DANCE 

“OFF” STATE 


WILL BE 
MAY CHANGE CHANGING 


FROMH TOL FROMH TOL 


WILL BE 
CHANGING 
FROM LTO4 


MAY CHANGE 
FROMLTOH 


LOAD CIRCUIT DEFINITION OF SWITCHING TERMS 


tpLH The propagation delay time from an input change to an 
output LOW-to-HIGH transition. 


tpy_ The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 


tuz The delay time froma contro} input change to the three- 
ura state output HIGH-level to high-impedance transition. 
me 
Amags. tiz The delay time from a control input change to the three- 


state output LOW-level to high-impedance transition. 


tzy The delay time from a control input change to the three- 


ee eee state output high impedance to HIGH-level transition. 


tz_ The delay time from a control input change to the three- 
state output high-impedance to LOW-level transition. 


closed closed 
closed closed 
closed closed 
closed closed 
closed open 

open closed 


* Jig Capacitance 
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TRUTH TABLE 
(Shown for A Channels Only) 


SINGLE-ENDED/ IN OUT IN OUT 
DIFF CONTROL A ENABLE At A2 


L LL ok 


H = HIGH Voltage Level 
X = Don’t Care 


L = LOW Voltage Level 
F = Floating Output 


TABLE | 


MS! INTERFACING RULES 


Equivalent 
Input Unit Load 


Interfacing Digital Family HIGH LOW 


Advanced Micro Devices 54/7400 1 1 


Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 
' Tl Series 54/7400 
Signetics Series 8200 
National Series DM 75/85 
DTL Series 930 


TABLE Il 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s UnitLoad HIGH LOW 


Enable B 1 
Enable B 1 
Bz Out - 
Bo In 

By, Out 

By, In 

SE/Diff 

GND 

SE/Diff 

Aj In 

A, Out 

Agin 

Ag Out 

Enable A 

Enable A 


Vcc 


TABLE II 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level) VOLTAGE 


Vits 


MAXIMUM LOGIC 
“LOW” OUTPUT MAXIMUM LOGIC 


LTAG OL “LOW” INPUT 
= orev VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


IMMUNITY 
(Low level) 


DRIVING DEVICE ORSVEN DEVICE 


Vv v 
OH, IH 
Vou, ViLo 


ORIVING DRIVEN 
DEVICE DEVICE 


Current Interface 
Conditions — FLOATING 


Current Interface 
Conditions — LOW 
OUTPUT DRIVING INPUT LOAD 


“LOW” DRIVEN “LOW* 
OUTPUT LOAD 


Am78/8831 
ONLY 


NUK 
AT Vou 


Current Interface Conditions — HIGH 


INPUT LOAD 


OUTPUT DRIVING 
“ i DRIVEN “HIGH” 


Am78/8831 


‘WH 
© 


CHANNEL SELECT APPLICATIONS 


Ay AQ INPUTS 


Am9301 DECODER 


Am78/8831 cE Am78/8831 
Am78/8832 Am78/8832 


SINGLE 
DIFFERENTIAL 


BUS: 


——— — TO Am9615 
PARTY LINE DIFFERENTIAL OPERATION RECEIVER 


CHANNEL SELECT 
INPUTS 


Am78/8831 SE Am78/8831 
Am78/8832 Am78/8832 


__ QUAD 
___ SINGLE-ENDED 


—_ TO Am2615 
RECEIVER 


PARTY LINE SINGLE—ENDED OPERATION 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Ceramic 


01S 5 325 


iy 
.sMetallization and Pad Layout 
Vec 
15 Ea 
14 Ey, 


oe ADVANCED 
12 Ag IN MICRO 
7 DEVICES INC. 

11 Ay, OUT 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 


DIE SIZE 0.057” X 0.058” TELEX: 34-6306 
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Am9616 


RS-232C Line Driver 


Distinctive Characteristics 
@ Conforms to EIA RS-232C and CCITT V.24 spec- @ Supply independent output swing 


ifications @ 100% reliability assurance testing in compliance with 
® Short circuit protected output MIL-STD-883 
@ Internal slew rate limiting @ TTL/DTL compatible input 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 
The Am9616 is a triple line driver specifically designed to ; 

meet the EIA RS-232C and CCITT V.24 electrical interface italia! 

requirements. Each driver accepts DTL/TTL logic levels and 
converts them to EIA/CCITT levels for data transmission 3 

between equipment. The output slew rate of each driver el Ala 

is internally limited, but can be lowered by an external a al 

capacitor. Ail outputs are short circuit protected, and pro- 5 a 
tected against fault conditions specified in RS-232C. A cae 

HIGH logic level on the inhibit input forces the driver sik tos 


output to Vo. or mark state. 5 
INPUL-G o— ourputc 
. Veg =Pin8& 
INHIBIT C $ ce 


Vcc = Pin 14 
GND = Pin7 


: OUTPUT A 
INPUT Ag 


OUTPUT B 


CIRCUIT DIAGRAM 
(One Driver Shown) 


3(11)(6) . TO OTHER 
INHIBIT © CIRCUITS 


1{13}{5) 


4(10) (9) 
Oo OUT 


TO OTHER 
CIRCUITS 


CONNECTION DIAGRAM 
Top View 
INPUT Aq | | in 


INPUT Ag || 2 13 | | INPUT By 


Package Temper 


a 


Type _pohange on, ed Number innit A [7] 3 12 |] INPUT B2 
14-Pin Hermetic DIP»... 0° C to 7° C 9616DC outpuTa [| 4 11 {_] INHIBIT B 
14-Pin Molded DIP§, “4” Oto +75°C = 9616PC 
Dice, Ko" es O° C to +75°C 9616XC 


ee INHIBITC |_| 6 


inputc [_] 5 


Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful tife may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias 0°C to +75°C 
Supply Voltage to Ground Potential 

Vec . +15V 

Vee , -15V 
DC Voltage Applied to Outputs +15V 
DC Input Voltage -1.5V to t6V 
Lead Temperature (Soldering, 30 sec.) 300°C 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 
TA= 0°C to +75°C, Vec = +12V 410%, Veg = -12 V 10%, Ry = 3kQ unless otherwise noted. 


Typ. 
Parameters Description Test Conditions Min. (Note1) Max. Units 


Win [Tans HIGH Covel ———SSS—S—*d SCS tare np ogiead HIGH voroge +20 || 
vin | trpurtowtewt ~:~ Gurantend input niet COW votes |__| | 08 | vows 
in| Tee nTGH Gare Ming 24VorVinwierr=24¥ ||| |e 


Ry =02 
fo Positi _ _ 
Output Short Circuit Current (Positive) Vin, Of Ving = Vindiait = 0.8V 
Ise ; Output Short Circuit Current (Negative) Ruste 
Vin, © Ving = Vinuisit = 2.0V 


d Vv =V =V =0.8V 
lec Total Positive Supply Current M4 iN ORIEL. 
Vin, = VINg = Vinuipit = 2.0V 
Vv =V =V =0.8V 
Tota! Negative Supply Current I Ne. «Ue tE 
Vin, = Ving = VINHiBit = 2.0V 


Note 1. Typical values are at Voc = 12 V, Veg =-12 V, Ta = 25 C 


Switching Characteristics (Ta = 25°C, Vcc = +12.0V, VEE = -12.0 V) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Delay from Input LOW to Output HIGH c 1SpF_R 
= PpF,AL rr 
Delay from Input HIGH to Output LOW 320 650 } ons | 
p L< pF, Re 


TYPICAL CHARACTERISTICS 


Transfer Characteristics 


Vo — OUTPUT VOLTAGE — VOLTS 


—12 
0 0.2 0.406 08 1.0 1.2 1.4 1.6 1.8 2.0 
Vin — INPUT VOLTAGE — VOLTS 


Vin Vo 
3kQ 


Short-Circuit Output Current 
versus Temperature 


—55 QO 25 75 425 
Ta — AMBIENT TEMPERATURE — °C 


isc — SHORT CIRCUIT OUTPUT CURRENT — mA 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 


RS-232C A specification of the Electronic Industries Association 
that defines the electrical characteristics of data signals trans- 
mitted between two pieces of digital equipment. 

Ry, Load resistance. The DC resistance between the driver output 
and ground. 

MIL-188C A Military specification that defines the electrical 
interface and characteristics of data signals transmitted between 
two pieces of digital equipment. 

CCITT V.24 A European specification similar to the MIL-188C 
and RS-232 specifications. 

ELECTRICAL TERMS 

Vou Output HIGH voltage. The voltage on the output when the 
output is HIGH. 

VoL Output LOW voltage. The voltage on the output when the 
output is LOW. 

Vin Input HIGH level. The voltage above which the driver is 
guaranteed to sense a HIGH level. ; 

Vit Input LOW level. The voltage below which the driver is 
guaranteed to sense a LOW logic level. 


Output Slew Rate 
versus Load Capacitance 


NTT | 
1 +4 
el a 


SLEW RATE — VOLTS/ps 


Cy — CAPACITANCE — pF 


Vin [) Vo 
is 


Maximum Operating Temperature 
versus Power-Supply Voltage 


—55 oO 25 76 125 
Ta — AMBIENT TEMPERATURE — °C 


Vec = VEE — POWER SUPPLY VOLTAGE — VOLTS 


Ii. Input LOW current. The current that flows out of the input 
when the input is at a LOW logic level. 

ly 0 Input HIGH current. The current that flows into the input 
when the input is at a HIGH logic level. 

Isq Output short circuit current. The current that flows between 
the output and ground when the output is shorted to ground and 
the input is either HIGH or LOW. 

Icc The positive power supply current in the Voc supply. 

leg The negative power supply current in the Vege supply. 

Slew Rate The rate, in volts per microsecond at which the output 
can change from one logic level to another. 

SWITCHING TERMS 

tpLy The delay from a HIGH-to-LOW transition on an input to 
a LOW-to-HIGH transition on an output. Measured from the 
1.5-volt level on the input to the O-volt level on the output. 

tpy_ The delay from a LOW-to-HIGH transition on the input (s) 
to a HIGH-to-LOW transition on the output. Measured from the 
1.5-volt level on the input to the O-volt level on the output. 

t, Output rise time. The time required for the output to change 
from 10% of (VoH- Voz) to 90% of (VoH-VoL), above Vo_. 

t, Output fall time. The time required for the output to change 
from 90% of (Vo -Voz) to 10% of (Voy -Vo_), above VoL. 


SWITCHING TEST CIRCUIT 


INPUT 1 
OUTPUT 


INPUT 2 


INAIBET 1/3 OF 9616 


Note: Omit Vipyo for channel “C’’, 


VOLTAGE WAVEFORMS 


ov 
OUTPUT 


Pulse Generator Rise Time = 10 + 5ns. 


PHYSICAL DIMENSIONS Metallization and Pad Layout 


Ceramic DIP 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
; Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
DIE SIZE 0.069" x 0.103” TELEX: 34-6306 
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Am9617 


RS-232C Line Receiver 


Distinctive Characteristics © Variable hysterisis 

@ Compatible with EIA RS-232C and CCITT V24 spec- @ 100% reliability assurance testing in compliance with 
ifications. MIL-STD-883. 

@ |nput signal range +30 volts. @ Includes response control input and built-in hysterisis. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am9617 is a triple line receiver that meets both the CCITT 
TV24 and EIA RS-232C specifications. Each receiver has a single 
data input that can accept signal swings of up to +30V. The output 
of each receiver is TTL/DTL compatible, and includes a 2k2 
resistor pull-up to Vcc. Each receiver has a hysterisis input so that 
the hysterisis can be controlled by means of a series resistor 
between the HYST input and a response control input RESP. 
Because of this hysterisis in switching thresholds, the device can 
receive signals with superimposed noise or with slow rise and fail 
times without generating oscillations on the output. The threshold 
levels may be offset by a constant voltage by applying a DC bias to 
the response control input. A capacitor added to the response 
contro! input will reduce the frequency response of the receiver 
for applications in the presence of high frequency noise spikes. The 
companion fine driver is the Am9616. 


Vec = Pin 14 
GND = Pin? 


CIRCUIT DIAGRAM 
(One Receiver) 


HYSTERISIS O 
RESPONSE O 


INPUT O 


Am9617 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Package atut . Order 
Type "gs Number 
<i ee a 
14-Pin Molded DIP : 75: 9617PC 
14-Pin Ceramic DIP_}* °C. +7 9617DC 
9617XX 


NOTE: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +175°C 
Temperature (Ambient) Under Bias 0°C to +75°C 
Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5V to +7 V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcoc max. 
Input Signal Range —30 V to +30 V 
Output Current, Into Outputs 30mA 
DC Input Current Defined by Input Voltage Limits 


ELECTRICAL CHARACTERISTICS 


Ta =25°C Vv =5.0V t5% Response control pin open unless otherwise specified. 
A cc 


Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Open Circuit Input Voltage 
lOH = -0.2mMA, Vcc = 4.5V 

Cutpur nish Voltage VIN = 3.0 V, 0V or Open Circuit 
lol =8mMA, Vcc = 4.5V 

Output LOW Voltage VIN = #3.0V 

Input HIGH Level Threshold 

Input LOW Level Threshold 

Open Loop Input Threshold 

Input LOW Current 

Input HIGH Current 


Output Short Circuit Current 
Power Supply Current VIN =5.0V, Veco = 5.5 V 


Note 1. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 


Switching Characteristics (Ta = 25°C, response control pin open, CL = 15 pF) 
Parameters Definition Test Conditions Min. Typ. Max. Units 


Delay from Input LOW to Output H!GH 
Delay from Input HIGH to Output LOW 


Output Rise Time (10% to 90%) 


1 10, 9, 
456 Output Fall Time (90% to 10%) 


TYPICAL CHARACTERISTICS 


Re = 8k Input Threshold 
Voltage Adjustment 


Input Current 


+<ND 
é5 83 


id 


Pecaea aNd 


PoE 


liN-INPUT CURRENT—mA 
Vo—-OUTPUT VOLTAGE-V 


-15 -5.0 0 +5.0 +15 (+25 
Vin—INPUT VOLTAGE-V 


Ry RESP 


Input Threshold Voltage 
Versus Temperature 


Vin. INPUT THRESHOLD VOLTAGE-V 


AMBIENT TEMPERATURE (°C) 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 


“Response Control Pin A pin available on each receiver that 
allows the user to set the switching thresholds and frequency 
response of the receiver. 
Threshold Voltage The voltage level on the input that will cause 
the output to change state. Because the device exhibits hysterisis, 
the LOW level input threshold is different from the HIGH level 
input threshold. Both thresholds can be moved by applying a 

_ bias to the response control pin. 


RS-232C A specification of the Electronic Industries Association 
that defines the electrical characteristics of data signals trans- 
mitted between two pieces of digital equipment. 

Input Signal Range The permitted range of DC voltages that can 
be applied to the receiver input without damage to the device. 
Hysterisis Control Pin This pin is available so that the amount 
of hysterisis in the receiver can be controlled by placing a series 
resistor between the RESP input and HYST input. 

CCITTV 24 A European specification similar to the EIA RS-232 
specification. 


ELECTRICAL TERMS 

Von Output HIGH voltage. The voltage on the output when the 
output is HIGH. 

Vo_ Output LOW voltage. The voltage on the output when the 
output is LOW. 

Vin Input HIGH threshold. The voltage that must be applied to 
the input to cause the output to switch from a HIGH to a LOW. 
Vit Input LOW threshold. The voltage that must be applied to 
the input to cause the output to switch from a LOW to a HIGH. 


0 
-3.0-2.0-1.0 O +1.0 +2.0 +3.0 +4.0+5.0 
Vin—!INPUT VOLTAGE-V 


RF = 0 Input Threshold 
Voltage Adjustment 


Vg—OUTPUT VOLTAGE-V 


0 
-3.0 -2.0-1.0 0 +1.0 +2.0 +3.0+4.0+5.0 
Vin—-!INPUT VOLTAGE-V 


Re 
HYST HYST 


Input Threshold Versus 
Power-Supply Voltage 


mae 
[ne encinaibsiiseds ssichahasiaidaighinhthadieanlammsseiainal 
Hae eel a bce TO 
A ll a 
ie Ba a 

4.0 8.0 1 
V+, POWER SUPPLY VOLTAGE-—V 


INPUT THRESHOLD VOLTAGE-V 


2 


Vin Input voltage. 

Vio Input Threshold Voltage with the RESP, HYST inputs 
open circuit. 

li Input HIGH current. The current that will flow into the 
input when a HIGH level is present on the input. 

lw «Input LOW current. The current that will flow out of the 
input when a LOW logic level is present on the input. 

lon Output HIGH current. The current drawn out of the output 
when the output is HIGH. 

Jo. Output LOW current. The current forced into the output 
when the output is LOW. 

Isc Output Short Circuit Current. The current that flows out of 
the output when the output is grounded. 

lec Current drawn from the Vcc power supply. 

Rin Input Resistance measured over the input voltage range of 
+25 volts. 


SWITCHING TERMS 


tog+ The delay from a HIGH-to-LOW transition on the input to 
a LOW-to-HIGH transition on the output. 

tpq— The delay from a LOW-to-HIGH transition on the input to 
a HIGH-to-LOW transition on the output. 

t, Rise Time. The time required for the output to rise from 10% 
of the difference between Vo_ and Voy above Vo, to 90% of 
the difference between Vo, and Voy above Vo_. 

t; Fall Time. The time required for the output to fall from 90% 
of the difference between Vo_ and Voy above Voz to 10% of 
the difference between Vo, and Voy above Vo_. 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 


PRR =14MHz 
Pw = 500ns 
SLOPE = 30V/us 


R_ = 3902 RL =3.9kQ 


4 y 


10% 
tod+ 


NOTE: Wiring capacitance should be minimized between Outputs, Hysterisis and Response Pins. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic DIP Molded: DIP« 


\ 


Metallization and Pad Layout 
DIE SIZE 0.047” x 0.059" 


AIN Vcc DIN 


1 14 13 ; 
ARC. 2 12 DR.C. 

aE ADVANCED 
, MICRO 
AOUT 3 11D -OUT DEVICES INC. 
BIN 4 10 CIN 901 Thompson Place 
Sunnyvale 
A ut Scan California 94086 
(408) 732-2400 
678 TWX: 910-339-9280 


BOUT GND COUT 


EX: 34- 
478 TELEX: 34-6306 
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Am9620 


Dual Differential Line Receiver 


Distinctive Characteristics: 
e Dual Differential Receiver 


100% _ reliability assurance testing in compliance 
with MIL STD 883. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


Mixing privileges for obtaining price discounts. Refer 
to price list. 


Available in highly reliable molded, hermetic dual-in- 
line or hermetic flat package 


e DTL, TTL compatible 


e High common-mode voltage range (+15 volts) 


® Wire AND capability 


FUNCTIONAL DESCRIPTION 


The Am9620 Is a dual differential line receiver designed to 
receive digital data from transmission lines. The receiver pro- 
duces an undisturbed output for +500mvV of differential data 
on the inputs In the presence of up to +15V of common mode 
noise voltages. The device has a DTL, TTL compatible output 
which can be AND tied with other receiver outputs. In addi- 
tion to attenuated inputs which are normally used, the receiver 
has direct inputs which allow the. input attenuation and re- 
sponse time to be changed by use of external components. 


LOGIC DIAGRAM 


RECEIVER A 
3 


RECEIVER B 


NC = PIN 1. 
Voc, ™ PIN 14 
Voc; = PINS 
GND = PIN7 


CIRCUIT DIAGRAM 


CONNECTION DIAGRAM 
Top View 


Package 
Type Range 


Temperature 


Molded DIP 
Hermetic DIP 
Hermetic DIP 


U6E962059X 
U6A962059X 
U6A962051X 
U3/962051X 
UXX9620XXD 


Note: The dice supplied will contain units which meet both 0°C to 
+75°C and ~55°C to +125°C temperature ranges. 


NOTE: PIN 1 Is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


—65°C to +150°C 
—55°C to +125°C 


Temperature (Ambient) Under Bias 


Vcc, Pin Potential to Ground Pin —0.5V to +7V 
DC Voltage Appiied to Outputs for HIGH Output State —0.5 Vto +13.2V 
Voc, Pin Potential to Ground Pin Vee, to +15.V 
DC Data Input Voltage —20 V to +20 V 
Output Current, Into Outputs 30 mA 
Input Voltage Referred to Ground (Attenuator Inputs) +20V 
ELECTRICAL CHARACTERISTICS Am962051X-T, = —55°C to +125°C 9 Veg, =5.0V 110%, Voc, = 12.0V +10% 

Am962059X - T, = 0°C to +75°C Vee, = 5.0V £5%, Voc, = 12.0V +5% 
DC Characteristics (Notes 1, 2) LIMITS 

—55°C 0°c +25°C +75°C +125°C 


Parameters Part No. 


Vou Am962051X 
Output HIGH 


Voltage Am962059X 


Test Conditions 


Vee) = 4.5 V, lon = —0.2 mA 
Vore=—0.5V Voc, = 10.8V 


Min Max Min Max Min Typ Max Min Max Min Max Units 


Veo: = —12.6 V 


Veci = 4.5 V, 
Voie = +0.5 V 


Vee = 4.75 V, 


Vec; = 4.5 V, 
Voirk = —4.5 V 


Am962059X | Voc, = 4.75 V, 


Vor Am962051X 
Output LOW 


Voltage 


Am962059X 


Ieex 
Output 


Leakage 
Current 


Am962051X 


Isc os ; 
Output Short | AM962051X | Veco, = 5.0V, Vic = 


Circuit 
Current Vee: = 5.0 V, Vso = OV —1.4 ~2.15 —3.1 
I, Veo: = 5.0 V, Veo, = 12V 
Input Load = = 
Current Veco, = 5.0 V, Veq, = 12 V 
Vom Vel OOM. ~ Nese ley 15 417.5 +15 
Common Votre = 2.0 V 
Mode Veo, = 5.0 V Vee? = 12V 
21° aed cc2 —12 +17.5 +12 
Voltage Voipp = 2.0 V aA 
Via Voce, = 5.0 V Voc, = 12 V 120 500 
Differential cc) = eM cc2 = 
Input 
Threshold 
Veco, = 5.0 V, Veco = 12V 120 500 
Amge2051x | Voor = 5:5, Voc, = 18.2V 
: + Input=5.5V, —Input=O0V 
Current Amg62059X | Yeo: =5-25V, = Voc, = 12.6 V 
+ Input = 5.25V, — Input=OV 
: Am962051X Vee =5.5V, Veer = 13.2 ’ 
nput =5.5V, — Input=0 
Power Supply 7 P e 
Current Amg62059x | Voc: =525V, 9 Voc, = —12.6V 
+ Input = §.25V, — Input=0V 
Switching Characteristics Am962051X Am962059X 
+25°C +25°C 
Parameters Min Typ Max Min Typ Max Units 


Turn Off Delay R, = 3.9k Veco = 5.0 V, C, = 30 pF 


ta 4 Turn.On Delay R, = 3902 Refer to figure 1 


Note: 1. Pulse tested. 
2. Vpir¢ is the differential voltage referred from A+ to A— and from B+ to B— 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 


Output Low Voltage 
Versus 
Output Low Current 


Vo_ — OUTPUT LOW VOLTAGE — mW 


lo — OUTPUT LOW CURRENT — mA 


Vout Versus Vopr 
Transfer Characteristic 


| | LL 
HA eaep 
i) 
PINS 3 AND6 
DIRECT INPUTS 
| 


; real | 
oA ttt] | | | | 
0 40 80 120 160 200 
Vp fr — DIFFERENTIAL INPUT VOLTAGE — mV 


Vout — OUTPUT VOLTAGE — VOLTS 


Vou Versus Vo, 


Characteristics 


4 ptt 


Vout — OUTPUT VOLTAGE — VOLTS 


—15 -5.00 5.0 
Vom — INPUT COMMON MODE VOLTAGE — VOLTS 


Vecy 
Vin 


VIN 


tod— tod+ 
Vout | : 


TYPICAL ELECTRICAL CHARACTERISTICS 


Figure 1. 


Output High Voltage 
Versus 
Output High Current 


re a 
PTT INANE TET TET 
Hato SS 


-0.5 -10 -15 -2.0 -2.5 -3.0 
lo — OUTPUT HIGH CURRENT — mA 


”n 
e 
a 
° 
> 
! 
w 
9 
< 
res 
a 
co) 
> 
x 
9g 
= 
t 
P=) 
a 
ia 
> 
° 
| 
= 
° 
> 


Vou: Versus Voice 
Transfer Characteristic 


Ty = 25°C ATTENUATOR INPUTS 


Vout — OUTPUT VOLTAGE — VOLTS 


i) 
—500 -300 -100 0100 300 500 
Volpe — DIFFERENTIAL INPUT VOLTAGE — mV 


Switching Time Versus 
Ambient Temperature 


80 Veo, =50V ee TT | 
Voc, = 12V 
SEE FIG. 2 ‘et oH 
ERREPZce 
Et T | aaa 
4 ee 


TYPICAL tod+ 


a 


TYPICAL tog Ty 


100 
Ta — AMBIENT TEMPERATURE — °c 


Input Voltage Versus © 
Input Current 


Vin — INPUT VOLTAGE ~— VOLTS 


-9.0'-30 3.0 9.0 
ly — INPUT CURRENT — mA 


Vou; Versus Vpice 
Transfer Characteristic 


| | tt ay 
ee) 208 
Q 


50 100 150 200 250 
Voir — OJFFERENTIAL INPUT VOLTAGE — mV 


Vout — OUTPUT VOLTAGE VOLTS 


0 


Power Dissipation Versus 
Ambient Temperature 


WORST CASE 
Po Voc, =8-5Y Voc,= 13.2 V 


Pp — POWER DISSIPATION — mW 


; |_| 
-60 -20 0 20 60 100 140 
Ta — AMBIENT TEMPERATURE — °c 
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APPLICATIONS 


Digital Differential Amplifier 
(Line Receiver) 


Expanded Interface 


Interfacing Methods 


INVERTING WITH TERMINATION 


NON-INVERTING WITH TERMINATION 


Digita! Differential Line V..¢ = Resistor, Diodes, or Supply 
Receiver With Inputs 
Rolled Off 


fl 


PHYSICAL DIMENSIONS 
; Dual-In-Line 
Hermetic Molded 


{ es On semen He (hep 


ba thedtabad 


4h étallization and Pad Layout 


Flat Package 
42 x 48 Mils 


.750 MIN. . 
aig paces ae 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 


TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(1) 


Am9621 


Dual Line Driver 


Distinctive Characteristics: 
® Dual Differential Driver 


© Transmission line back-matching. 


e No supply current surges during power-on sequence. 


DTL, TTL compatible. 
Clamped outputs. 


FUNCTIONAL DESCRIPTION 


The Am9621 is a dual line driver designed to drive transmis- 
sion lines in either a differential or a single-ended mode. 
Output clamp diodes and back-matching resistors for 1302 
twisted pair lines are included. The device has the capability 
of driving high-capacitance foads being able to switch more 
than 200mA typically during transients. 


The Am9621 is designed so that power supplies can be 
switched on in any sequence without supply current surges. 


100% reliability assurance testing in compliance 
with MIL STD 883. 


Mixing privileges for obtaining price discounts. Refer 
to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


Available in highly reliable molded epoxy, hermetic 
dual-in-line or hermetic flat package 


LOGIC DIAGRAM 


DRIVERA DRIVER B 


12 


Vee! = PIN14 
Voc, = PINS 
GND =PIN7 


CIRCUIT DIAGRAM 


Vecy Voc, 
O O 


14 8 
V4 
a eens ae 
ZS 
1.75 kX 2.7kQ 


V4 


Am9621 ORDERING INFORMATION 


ate 
Package Temperature _. «i.» Order 
Type Range rae Number 
Molded DIP O°C to K75°C —: UGE962159X 
Hermetic DIP. O°C.Ad.3- 75°C UBA962159X 
Hermetic DIP 285°C to. “125°C + U6A962151X 
Hermetic Flat Paks 552C:to+125°C + U31962151X 
Dice = |. *Note UXX9621XXD 
Note: The dij cy plied wittetentala units which meet both 0°C to +75°C 
‘ee and —55°C to +125°C temperature ranges. 


aide 
3k2 
i. Y 


CONNECTION DIAGRAM 
Top View 


NOTE: PIN 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec, Pin Potential to Ground Pin +3.8 V to +8 V 
DC Input Voltage —0.5Vto +15V 
Voltage Applied to Outputs 2.0 V td +Voc, +1.0 V 
Voc, Pin Potential to Ground Pin Veco to +15 V 


ELECTRICAL CHARACTERISTICS = 4962151X-T, = -55°C to +125°C Veo, = 5.0V 110%, Veg, = 12.0V 10% 


Am962159X-T, = 0°C to + 75°C Veo: = 5.0V 45%, Voc, = 12.0 V 15% 
DC Characteristics (Note 2) LIMITS 

—55°C o°c +25°C +75°C +125°C Units 
— Part No. Test Conditions Min Max Min Max Min Typ Max Min Max Min Max 


Am962151X | Voc, =4.5V, I_K4 = —-20mA | 4.00 4.00 43 
coe emia — |-Ams62151X | Voor oH 4000 | 4.00 | votts 
yee 


Am962159X | Voc, =4.75V, Ion=—20mA | | 
Vo ree Am962151X Voor = 45¥ lou = 20 mA | 0.35] 0.40 | Fe 
utpu olts 


Voir (Note 2) | Amg962t51X yet = = =50V, lo, = 2.8mMA 380 500 a ae 
Resistive Output ve =50V, 
Resistive Output Volts 
HIGH Voltage | Am962159X Weer = 5.0, 144 = 2.3 mA 4.00 4.2 

cp = 12V 
Output LOW 
Vin Am962151X 7: ae Veo: = 13.2V 2.00 1.7 
gan cc cen se 4.80 votts 
Nit ticow Am962151X [Sosy Teen ae | 0.70) A 
npu ous 
Voltage Am962159X Veo = = 5.25 V, Voc, = 12.6V | 4.5 1.00] a 


Ip 


Current 
Reverse input “35 
Current Am962159X re ga Voc, = 12.6 V oe <1.0 5.0 tool | 

Voor = 45, 


Short Circuit 


Current Waar, = —100 — 
urr Am962159X Veo = 11.4V Vo =O0V 100 —300 


leer Am962151X Voci= a | YehE tay Inputs Open Inputs Open 
Power Supply 7 5 Vevey MewhOoen 7 : 
Current cc = ’ 

urr Am962159X Veep = 12.6 V Inputs Open oo, 
lees Am962151X Yeo = =ts2¥ Inputs Open ea | 
Power Supply eal dv 


Vouc (Note 3) Am962151X ae =50V, love = —20 mA 
| Output LOW Vec2 = 12 V 


Clamp Voltage | Amg621s9x | Vcc: =5.0V, | = —20maA 
Vee? = 42 Vv 


Vee = 5.0 V, 


Vouc (Note 3) Am962151X = lone = 20 mA 
Output HIGH ae = nav. 
Clamp Voltage cc = = 

p g Am962159X Voc, = 12V lonc = 20 mA 


Note 1. Pulse tests to insure transient current handling (test time = 3 seconds maximum — one side only). 
2. Test output resistance Including 105Q output resistor. 
3. Tests output clamp diodes. ’ 
4. For Am962151X with both sides loaded at T, = +125°C, maximum frequency = 500 kHz for dual-in- line package (gs, = 95°C/W) or 300 kHz for ceramic fiat pak 
(oj, = 165°C/W). 


4-84 5. For Am962159X with both sides loaded at T, = +75°C, maximum frequency = 500 kHz for both dual-in- line package and ceramic flat pak. 


saat Am962151X Am962159X 
Switching Characteristics 425°C 425°C 
Parameters Test Conditions Min Typ Max Min Typ Max Units 


toa Turn Off Delay Voc; = 5.0 V, C, = 30 pF 13 25 

ta Turn On Delay Veco, = 12V 9 25 9 

tod+ Turn Off Delay Voc, = 5.0 V, C, = 5000 pF | (Note 4) 30 150 |(Note 5) 30 200 
ta Turn On Delay Veo, = 12V (Note 4) 80 150 |(Note5) 80 200 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


TYPICAL ELECTRICAL CHARACTERISTICS 


Supply Current Versus 
Supply Voltage 


| | WORST CASE | J 
= Ne) 
| | tyrant NA | 


lec, ~ SUPPLY CURRENT — mA 


INPUTS 
; i ROUNDE 
0 12 


} I¢¢.9~ SUPPLY VOLTAGE ~ VOLTS 


Supply Current Versus Supply Current Versus Typical Output Impedance 
Supply Voltage Supply Voltage With Back Matching 
Inputs Grounded Inputs Open Resistors 


Vocgsi2v] | | | Le 
iE ils) A BD 
Ee am 

ne 


Igc, — SUPPLY CURRENT ~ mA 
cc, — SUPPLY CURRENT — mA 
lout — OUTPUT CURRENT — mA 


50 
-10 -6.0 -200 2.0 6.0 


Vec, — SUPPLY VOLTAGE — VOLTS Voc, — SUPPLY VOLTAGE — VOLTS Vout — OUTPUT VOLTAGE — VOLTS 


Switching Time Versus Switching Time Versus Typical Supply Current 
Temperature Temperature Versus Frequency 


ieee 
Vee, = 12 | 
: LOM 


‘al 
7 


rei LTE 
; Ps DW OL 

-200 20 60 100 -20 0 20 05 10 20 50 10 
Ta — AMBIENT TEMPERATURE — °C TEMPERATURE—°C f ~ FREQUENCY — MHz 


icc, ~ SUPPLY CURRENT — mA 


4-85 


4-86 


APPLICATIONS 


SINGLE-ENDED DRIVING 


1/2 Am'9621 
1/2 Am 9620 


‘DIFFERENTIAL DRIVING 


Ami9621 
1/2 Am 9620 


STROBE 


BACK-MATCHING TABLE 


Ry 
when used 
differentially 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Hermetic Molded 


MAX. 


a3 


maf 


fae tie 
kat! lets 


Metallization and Pad Layout 
54x 52 Mils 


ADVANCED 
MICRO 
DEVICES INC. 
901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circultry described other than circuitry entirely embodied In an Advanced Micro Devices product.(1) 


Am26123°Am54/74123 


Dual Retriggerable Resettable Monostable Multivibrator 


Distinctive Characteristics 
@ Retriggerable 0 to 100% duty cycle. @ Am26123 outputs immune to noise triggering the 
@ 50ns to © output pulse width range. monostable at the RC timing nodes. 


@ Am26123 guaranteed pulse width change of less than @ 100% reliability assurance testing in compliance with 
1% over 0°C to +70°C temperature range. MIL-STD-883. 


FUNCTIONAL DESCRIPTION | LOGIC DIAGRAM 


The Am26123 and the Am54/74123 are dual retriggerable 

resettable monostable multivibrators. The output pulse- 

width duration and accuracy are determined by external 

timing components. The Am26123 is pin compatible with 

the Am54/74123 but features two major improvements: 

1. Pulse width stability of +1% or better is guaranteed over 
0°C to +70°C for the Am26123. 

. The Am26123 incorporates an output latch which offers 
immunity to spurious output changes in the quiescent 
state due to coupling of external noise at the timing 
capacitor nodes. 


CexT RExT 


Am26123 
Am54/74123 
Am26123 
Am54/74123 


Qa 
cr 
a 


An active-LOW A input and an active-HIGH B input are 
logically coupled in an AND gate on the trigger input of 
each device. A LOW on the clear input resets the monostable 
to the normal Q LOW quiescent state regardless of the 
A and B inputs. : GND = Pin 8 


Am26123 SCHEMATIC DIAGRAM 


Am54/74123 


A = Not Connected 
B = Short Removed 
C = Shorted 


Vec = Pin 16 
GND = Pin8 


ORDERING !NFORMATION 


Am26123 Am54/74123 
Package Temperature Order Order 
Type Range Number Number 


Molded DIP 0°C to +70°C AM26123PC SN74123N 
Hermetic DIP O°C to +70°C AM26123DC SN74123J 
Dice O°C to +70°C AM26123XC SN74123X 
Hermetic DIP ~—55°C to +125°C AM26123DM  §N54123J 
Hermetic Flat Pak —55°C to+125°C AM26123FM SN54123W 
Dice —55°C to+125°C AM26123XM  §N54123X 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temnerature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max. 
DC Input Voltage —0.5 V to +5.5V 
DC Output Current, Into Outputs 30mA 


DC Input Current —30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am26123XC, Am74123 Ta = 0°C to +70°C Vec = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am26123XM, Am54123 Ty = -55°C to +125°C Vec = 5.0V +10% (MIL) MIN, = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Input HIGH Voltage 


Input LOW Voltage 


Am54/74123 
Output Short Circuit Current VouT = 0.0V 


(Note 4) Am26123 
VouT = 1.0V, Ta = 25°C 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input load factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ground Cex to measure Voy at Q, Vo, at Q, OV log at Q. Cox¢ is open to measure Voy at G. Voz at Q, OV Ios at G. (On the Am26123, the 
input must be triggered also.) 

6. Icc is measured in the triggered state with 2.4V applied to all clear and B inputs, A inputs grounded, all outputs open, Cex, = 0.02uF anc 
Rext = 25k. 

7. Quiescent Ic¢ is measured (after clearing) with 2.4V applied to all clear and A inputs, B inputs grounded, all outputs open, Cex, = 0.02uF, anc 


Rext = 25kQ. 


Switching Characteristics (Ta = 25°C, Vcc = 5.0V) 
Parameters Description Test Conditions Min. Typ. Max. Units 


tPLH 
tpy Bto a 


——_|__. 


tPLH Clear to Cext = 9, Rext = 5k2 
tPHL Clear to Q Cire ser. REY 00m 
towQ (MIN.) Minimum Pulse Width Q Output 

tow A or B inputs HIGH 


A or B inputs LOW 


= Clear LOW, 


Pulse Width Q Output 


Cext = 1000pF, Rext = 10k2 
CL = 15pF, RL = 4002 


Am26123 Only 


Maximum Change of tpw OQ . Cext = 1000PF, Rext = 10k2 
Atpw!T) pw ° ° 
Over Temperature Range OC to +70 C CL = 15pF, Ry = 4002 
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Typical Pulse-Width Variation Output Pulse Width Versus 
Normalized to 25°C External Timing Capacitance 


8 


Voc = 5.0V 
Rext = 10k2 
Ceyt = 1000pF 


om 
[esi 
eres 
eo 
> 


tow Q — OUTPUT PULSE WIDTH — ns 


2 
—55 —15 10 20 40 100 200 400 1000 


OUTPUT PULSE WIDTH PERCENTAGE VARIATION 


Ta— AMBIENT TEMPERATURE — °C Cext- EXTERNAL TIMING CAPACITANCE—pF 


t Exceed maximum recommended for 
full temperature range 


Cext Cext/ 


R 
B INPUT mis 
(SEE NOTE A) 


‘To 15pF 
| == (SEE NOTE D) 
LOAD CIRCUIT 2 


A INPUT 
{SEE NOTE A) (SAME AS LOAD CIRCUIT t) 


CLEAR 
INPUT 
{SEE NOTE A) 


Vec = Pin 16 
GND =Pin8 


B INPUT 


eee 


Q 
OUTPUT 


‘PHL—=| ‘PHL——o 


Notes: 

A. The pulse generators have the following characteristics: ty < 10ns (10% to 90% level), ts < 10ns, PRR < 1MHz, duty cycle < 50%, Zou, ~ 50M. 
B. See Test Conditions, switching characteristics table, for values of Ray, and Cay+. 

Cc. Alt diodes are 1N3064 

D. Cy includes probe and jig capacitance. 
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4-90 R1<0.6 x Rex¢ MAX. 


OPERATION RULES 


TIMING 
1. Timing components Cext and Rey values. 


Operating Temperature Range 


0°C to 70°C | -55°C to +125°C 
5kQ 5kQ 
50k22Q 25k2 


any value 


any value 


Rext/CexT TERMINAL 
CextT 


TERMINAL 
R71 + R2= Rext 
Ry => Rext MIN. 
Ra < Rext MAX. -R4 
In the above arrangement, Ry and Cex¢ should be as close as 
possible to the device pins to minimize stray capacitance and 


external noise pickup. The variable resistor Ra can be located 
remotely from the device if reasonable care is used. 


3. Pulse width change measurements. 


The pulse width tpwQ is specified and measured with com- 
ponents of better than 0.1% accuracy. If measurements are 
made with reduced component tolerances, the expected 
accuracy should be adjusted accordingly. 


4. Timing for Cex~ <1000pF. 


When using capacitor of less than or equal to 1000 pF in value, 
the output pulse width should be determined from the output 
pulse width versus external timing capacitance graph. 


5. Timing for Cex¢ > 1000pF. 


For capacitors of greater than 1000pF in value, the output 
pulse width, tpwQ, is determined by 


0.7 
tpwQ = 0.32 Rext Cext (1+ Rac 
ext 


where 


Rext is in kilohms 
Cext is in picofarads 
tpwQ is in nanoseconds 


6, Protection of electrolytic timing capacitors. 


If the electrolytic capacitor to be used as Cex¢ cannot with- 
stand 1.0 volt reverse bias, one of the following two circuit 
techniques should be used to protect the electrolytic capacitor 
from the reverse voltage. 


Vec 


Qy = 2N2511 
OR EQUIVALENT 


+ 
Cc 01 = 1N3064 OR 
EXT EQUIVALENT 
TO Rext/CexTTERMINAL O TO Rext/Cext TERMINAL 
TO CexT TO Cext ; 
TERMINAL TERMINAL 


Ra <0.7 x hFeEQ1 x Rext 


The output pulse width, tpwQ, for the diode circuit modifies | 
the previous timing equation as follows: 


tpw Q = 0.28 Ry Cext (1+ =a 
The output pulse width for the transistor circuit is 
tpwO = 0.30% Ra x Cext (1+ 57) 


Notice that the transistor circuit allows values of timing resistor 
R9 larger than the Rext MIN < Rext < Rext MAX. to obtain 
longer output pulse widths for a given Cex¢. 


TRIGGER AND RETRIGGER 


1. Triggering. 
The minimum pulse width signal into input A or input B to 


cause the device to trigger is 40ns. Refer to the truth table 
for the appropriate input conditions. 


2. Retriggering. 


The retriggered pulse width, tpwrQ, is the time during which . 
the output is active after the device is retriggered during a 
timing cycle. It differs from the initial pulse width tpwQ timing 
equation as follows. 


tpwrQ= tpwO+ tPLH 


where tpLH is the propagation delay time from the A or B 
input to the output. 


For values of tpwQ greater than about 500ns, tpLH can be 
ignored. 


3. Rapid retriggering. 
A-minimum retriggering time does exist. That is, the device 


cannot be retriggered until a minimum recovery time has 
elapsed. The minimum retrigger time is defined by 


tretrig MIN. = 0.224 Cext 
C is in picofarads 
t is in nanoseconds 


tPLH |+-— tpwQ — OUTPUT WITH 
RETRIGGER 


OUTPUT WITHOUT. 
RETRIGGER 
tretrig- sae I Q 
| | | | INPUT B; A = LOW 


INITIAL RETRIGGER 
TRIGGER PULSE 
PULSE 


4, Output Latch. 


The Am26123 incorporates an output latch that can be 
triggered only by the input trigger gate via the A or B inputs. 
Thus, spurious output pulses caused by external noise on the 
Cext nodes are eliminated during the quiescent state. This 
feature is extremely valuable in many high noise environment 
systems. 


CLEAR 


A LOW on the clear inputs terminates the timing cycle. It 
also resets the output latch on the Am26123. A new trigger 
cycle cannot be initiated while the clear is LOW. With the 
clear HIGH, the device is under the command of the A and B 
inputs. 


TRUTH TABLE Am26123 ¢ Am54/74123 LOADING RULES 


Am26123 e Am54/74123 


For Each Monostable Fan-out 


Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


1A 1 ~_ - 
1B 
1CLEAR 
10 
2a 


2 Cext 
2 Rext/Cext 


HIGH X = Don't Care 

LOW 2A 
LOW-to-HIGH transition - 
H1GH-to-LOW transition 28 
LOW-HIGH-LOW pulse 2 CLEAR 
HIGH-LOW-HIGH pulse 


OOP n| HD! aye] win 


eo) 
-|o 


bet eo uo on a 


20 

10 

tCext 

1 Rext/Cext 
Vec 


=a fe 
WIN 


= 
br 


MS! INTERFACING RULES 


Equivalent 
Interfacing Input Unit Load 
Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 

Tl Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” ORIVEN “LOW” 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
{High level) VOLTAGE 


Vito 
MAXIMUM LOGIC 
“LOW” OUTPUT, MAXIMUM LOGIC 
VOLTAGE Oly sent “LOW” INPUT se 
Baseetni ws VOLTAGE Current Interface Conditions — HIGH 
IMMUNITY , OUTPUT DRIVING INPUT LOAD 
(Low level} “HIGH” DRIVEN “HIGH” 
DRIVING DEVICE DRIVEN DEVICE Vec 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


DRIVING ORIVEN 
DEVICE DEVICE 


| 
I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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APPLICATIONS 


OUTPUT 


4 
Am26123 
Am54/74123 
4 
Am26123 
Am54/74123 
4 
Am26123 
Am54/74123 
Am26123 
Am54/74123 


(i , OVERRIDING 


ENABLE 


Pulse Generator 


The output frequency produced with the above configu- 


Delayed Pulse Generation ration is determined by Cx 1 and Ry7, while the pulse width 

is determined by Cyg and Ryg. Monostable 1 forms an 

The first monostable determines the time T, before the astable multivibrator with an output pulse width of ap- 

initiation of the output pulse. The second monostable proximately 25 ns, while monostable 2 extends the pulse 
determines To, the output pulse width. width to the required value. 


PHYSICAL DIMENSIONS 
Dual-In-Line | s@ 


Molded 


Hermetic Ceramic DIP 


=f 


Le 


is 
mie 


630 .080 


375 


326 


O15 


ADVANCED 
MICRO 
DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
DIE SIZE 0.050” X 0.088” TELEX: 34-6306 
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Am55/75107B ° Am55/75108B 
Am7/5207 *Am7/520 


Dual Line Receivers 3 


Distinctive Characteristics © TTL compatible output 
@ High common mode rejection ratio 
@ Input sensitivity 3mV typical ®@ Blocking diodes provide high input impedance 
@ Common mode range of +3V @ Strobe and gate inputs for flexibility 
@ Common mode range of more than +15V using ex- © 100% reliability assurance testing in compliance with 


ternal attenuator MIL-STD-883 


FUNCTIONAL DESCRIPTION 


Hermetic DIP — 


Hermetic DIP 


The Am55/75107B, Am55/75108B, Am75207, and Am75208 
are high speed dual line receivers designed for use as data receivers 
in balanced, unbalanced or party-line transmission systems. The two 
line receivers in each package share the common voltage and ground 
busses. The Am55/75107B and Am75207 have a standard active 
pull-up totem-pole output while the Am55/75108B and Am75208 
have an open collector output for bus organized systems. 


Each receiver has a high impedance differential input for minimum 
transmission line loading. The differential inputs of the Am55/ 
75107B and Am55/75108B are designed to detect input signals of 
25mV or greater and provide TTL compatible outputs. The dif- 
ferential inputs of the Am75207 and Am75208 are designed 
to detect input signals of 10mV or greater. 


SCHEMATIC DIAGRAM 
(One Receiver Shown) 


All devices contain blocking diodes in the input differential tran- 
sistor pair collectors to provide high input impedance in the 
power-off condition, The SN55/75107A and SN55/75108A are 
identical devices except for these input protection diodes. 


Each receiver has a separate gate input, G. When the gate is LOW, 
the output is HIGH regardless of the other inputs. The device also 
has a common strobe, S, which can be used to gate both receivers 
simultaneously. When the strobe is LOW, the output is HIGH re- 
gardless of the other inputs, 


Note: Output HIGH on the Am55/75108B and Am75208 are 
high impedance conditions. 


LOGIC SYMBOL - 


Vec— = Pin 13 


TO OTHER Yece Fin. t4 
LINE RECEIVER GND =Pin7 


: 1. Components shown with dashed lines are applicable to the Am55/75107B and Am75207 only. 
2. Rl = 1k2 for Am55/75107B and Am75207, 7502 for Am55/751088 and Am75208. 


3. D1 and D2 are the input protection diodes. 


ORDERING INFORMATION 


Am55/ 

75107B 
Order 

Number 


Am55/ 


75108B 
Order 
Number 


Package Temperature 
Type Range 


Molded DIP O°Cto+70°C = SN75107BN 
O°C to+70°C = SN75107BJ 
Dice 0°C to +70°C SN75107BX 
-55°C to +125°C 


Dice . -55°C to +125°C 1 SN55107BX 


SN75108BN 
SN75108BJ 

SN75108BX 
SN55107BJ  SN55108BJ _ 
SN55108BX 


CONNECTION DIAGRAM 
Top View 


Am75207 
Order 
Number 


SN75207N 


Am75208 
Order 
Number 


SN75208N 


SN75207J _SN75208J 
SN75207X 


SN75208X 


Note: Pin 1 is marked for orientation. 
NC = No connection. 
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MAXIMUM RATINGS (Above which the useful life may be impaired). 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Positive Supply Voltage Vec+ to Ground Potential Continuous +7V 
Negative Supply Voltage Vec_ to Ground Potential Continuous -—7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vec4 max. 
DC Input Voltage — Strobe —0.5V to +5.5V 
Differential Input Voltage +6V 
Common Mode Input Voltage (with Respect to GND Terminal) +5V 
Any Differential Input to Ground —5V to +3V 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Specified) 


Am75107B, Am751088, Am75207, AmM75208 Ta O°C to 70°C Vec+ = 5.0V #5% Vec— = —5.0V +5% (COM L) 
Am55107B, Am55108B Ta =—55°C to +125°C Vecr = 5.0V £10% Voc = —5.0V +5% (MIL) 
Commercial Voec+ MIN. = 4.75V Voc+ MAX. = 5.25V Voc MIN. = —4.75V Vec— MAX. = —5.25V 
Military Vec+ MIN. = 4.5V- Voc+ MAX. = 5.5V Voce MIN. = —4.5V Voc MAX. = —5.5V 
Test Conditions ' Typ. ; 
Parameters Description (Notes 1, 4, & 5) Min. (Note 2) Max. Units 


Output HIGH Voltage Vec+ = MIN., Vcc— = MIN. 
Am55/75107B Only Joy = —400zA, Vic = —3V to 3V 


Vect+ = MIN., Voc = MIN. 
Strobe or gate input 
HIGH Voltage See Test Table 
Strobe or Gate Input 
pum | LOW Voltage See Test Table 


OH 
OL 
1H 
VIL 
Differential Input Voltage 107B, 108B 
Vv See Test Tabl 
Differential Input Voltage *107B, 108B 
Vv 
for Output LOW pee Test Tepe: 1507, 208 
l Input HIGH Current Vec+ = MAX., Vec— = MAX. 
lH into 1A or 2A Vip = 0.5V, Vic = —3V to 3V 
Ne 
lou 
Isc 


N 
= 


Input LOW Current Vec+ = MAX., Vec— = MAX. 
into tA or 2A Vip =—-2V, Vic = —3V to 3V 


Vec+ = MAX., Vec— = MAX. 
| Input HIGH Current Vin=2.4V 

Vcc+ = MAX., Vec— = MAX, 

Vcc+ = MAX., Voc = MAX. 
pm | Input LOW Current ViL=0.4V 


HIGH Level Output 
Leakage Am55/75108B8 


-eoone)e 


& Am75208 Oniy 


ul 
° 
= 


| 
ad Nn 
ie) 


Vec+ = MIN.. Voce = MIN. 
VouH = Vec+ MAX, 


Output Short Circuit 
Current (Note 3) 
Am55/75107B and 


Am75207 Only ae 
Vec+ = MAX., Vec— = MAX. 


Positive Power Supply 
cee Vib = 25mv, Ta = 25°C 
\ Negative Power Voc+ = MAX., Voc— = MAX. 
| “ccH— Supply Current Vip = 25mV, Ta = 25°C © 
Vv Input Clamp Voltage, Voc+ = MIN., Vec— = MIN. 
! SorG lin = —12mA, Ta = 25°C 


Vcc+ = MAX., Vec— = MAX. 


co 
wW 
oO 


-Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vec+ = 5.0V, Vec_ = —5.0V, Ta = 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at atime. Ouration of the short circuit test should not exceed one second. 
4. For Am75207 and Am75208 replace 25mV with 10mV where specified. 
5. Vic = common mode voltage with respect to GND terminal. 
Vip = differential voltage (Va — Vg). 


SWITCHING CHARACTERISTICS (T, = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Am55/75107B Only 


Am55/75108B Only 


Cor Sto Output 


Am75207, Am75208 Only 


AC PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


Vec- 


DIFFERENTIAL OUTPUT O 
INPUT Am55107B 
Am75107B 
Am75207 


PULSE 
GENERATOR 
(See Note 1) 


(See Note 3) 


OUTPUT 
6 Am55108B 

Am75108B 

Am75207 


STROBE CL 
INPUT © , ee < te 3) 
(See Note 2) ee Not 
PULSE ire 


GENERATOR 
(See Note 1) 


VOLTAGE WAVEFORMS 


nnn 200 mV 
el —_——— a __ _—_—_—————_ 100 mv 
Ov 


aa a ea a | : 


}+——tp1 
STROBE 
{NPUT) A }§ A | —_—— —_ _ 
s ‘ 
Gor TPLH tPHL _—_$—<<<— 


*eLe—}+—+ 


—————— Vou 
— ef S ea 
; ete Vaal Vou 


Notes: 1. The pulse generators have the following characteristics: Zoyz= 50 2, tp = tp= 10 + 5rs, tpz = 500 ns, PRR = 1 MHz, 
tp2= 1 ms, PRR = 500 kHz. 


. Strobe input pulse is applied to Strobe 1G when inputs 1A - 1B are being tested, to Strobe S when inputs 1A - 1B or 
2A - 2B are being tested, and to Strobe 2G when inputs 2A ~ 2B are being tested. 


. CL includes probe and jig capacitance, 
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FUNCTION TABLE DEFINITION OF FUNCTIONAL TERMS 


Differential ; 1A, 2A The non-inverting input of the line receivers, 
Input Voltage : 1B, 2B The inverting input of the line receivers. 
Vin = Va — Ve 1Y, 2Y The output of each line receiver, 


1G, 2G The gate input of each line receiver. A LOW on the 
gate input forces the output HIGH. 
L S The strobe input that is common to both line re- 
ceivers. A LOW on the strobe forces both (1Y 
and 2Y) outputs HIGH. 


Vic Input Common Mode voltage with respect to 


ground terminal. 
on‘t Care 
on’t Know 


Note: For Am75207 and Am75208 substitute 10mV for 25mV. 


H 
L 
x 
? 


“ouw dt 


Differential Input voltage (VA — VB). 


DEFINITION OF SWITCHING TERMS 


(All switching times are measured at the 1.5V logic level 
unless otherwise noted.) 


tpLH The propagation delay time from an input change to 
an output LOW-to-HIGH transition. 

tpy, The propagation delay time from an input change to 
an output HIGH-to-LOW transition. 

t Rise time. The time required for a signal to change 
from 10% to 90% of its measured values. 

tr Fall time. The time required for a signal to change 
from 90% to 10% of its measured values. 


DC TEST TABLE (See Note 4) 


( ae ne 1Y 
1B Commo (Differen- 
Parameter 1A 2A 2B sasani : tail . 2Y 1G 2G S Note 


aaa 
eae ance 

Ese =2 

oeeree P=avieav [amv [ema [in i 
fe eee 

ces 

atl =26mV 
| pave 


—3V to 3V —25mV 


GND 


1. When testing one channel, the inputs of the other channels are grounded. 
2. AmS5/75107B only. 

3. Am55/75108B only, 
4 
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PERFORMANCE CURVES 


Am55107B, Am75107B 
High-Level Input Current Propagation Delay Time 
Into 1A or 2A High-Logic-Level Supply Current Differential Inputs 
Versus Versus Versus 
Ambient Temperature Ambient Temperature Ambient Temperature 


Vec+ 7 5V 
Vec- =-5V 


PROPAGATION DELAY TIME — ns 


yy — HIGH-LEVEL INPUT CURRENT — pA 
cc] ~ SUPPLY CURRENT — mA 


0 0 0 
~75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
T, — AMBIENT TEMPERATURE — °C T, — AMBIENT TEMPERATURE -°C Ta, — AMBIENT TEMPERATURE — °C 


Am55108B, Am75108B Am55108B, Am75108B 
Propagation Delay Time Propagation Delay Time 
Low-to-High Level High-to-Low Level 
Recommended Combinations Differential Inputs Differential Inputs 
of Input Voltage for Versus Versus 
Line Receivers Ambient Temperature Ambient Temperature 


EWYYUGY 
PLL: 
ViUG 


> 
I 
Ww 
2 
5 
9° 
> 
a 
z 
2 
fo) 
x 
o 
i) 
= 
< 
| 
Ee 
~ 
a 
z 


tp} — PROPAGATION DELAY TIME — ns 
tp}. — PROPAGATION DELAY TIME — ns 


0 0 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 QO 25 50 75 100 125 


° ° 
INPUT — B TO GROUND VOLTAGE — V T, — AMBIENT TEMPERATURE — °C Ty ~ AMBIENT TEMPERATURE — °C 


Am55107B, Am75107B Am55108B, Am75108B 
Propagation Delay Time Propagation Delay Time 
Strobe Inputs Strobe Inputs 
Versus Versus 
. Ambient Temperature Ambient Temperature 


PROPAGATION DELAY TIME — ns 
PROPAGATION DELAY TIME — ns 


0 0 : 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
T, — AMBIENT TEMPERATURE — °C T, — AMBIENT TEMPERATURE — °C 


Note: Use 0°C to +70°C temperature range only for commercial! (Am75 Series) devices. 


APPLICATIONS 


BUS-ORGANIZED SYSTEM 
A A A 
—O ——CE=- 
s G s G s G 
Am55/751088 Am55/751078 Am75208 
Rr i Ry 
| 
» ~ 


Am55/75110 Am55/75110 Am55/75110 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded “ Flat Package 


Metallization and Pad Layouts 
Am55/75107B Am55/75108B 
.Am75207 Am75208 


Vec- Vec— 
2A 2A ADVANCED 
on 2B MICRO 
DEVICES INC. 
2¥ 2v 901 Thompson Place 
Sunnyvale 
2G 2G Calitornia 94086 
(408) 732-2400 
TWX: 910-339-9280 
DIE SIZE: 0.049"" X 0.056” DIE SIZE: 0.049” X 0.056” TELEX: 34-6306 
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Am55/75109 ¢ Am55/75110 


Dual Line Drivers 


Distinctive Characteristics 
e@ Input is TTL compatible. 


@ High common-mode output range of —3V to +10V. 


@ Separate and common output inhibits. 


@ Open-collector differential outputs for bus-organized 
systems. . 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am§5/75109 and Am55/75110 are dual line drivers 
characterized for applications in balanced, unbalanced, and 
party-line systems. The drivers provide a constant current 
output that is switched to either of the two differential 
output terminals under the contro! of the A and B inputs. 
When A and B are HIGH, the Y output is HIGH and Z 
output is LOW © 


These drivers feature a separate inhibit input, C, that is 
used to switch off the constant current output. This leaves 
the driver differential output in the high impedance state 
for use in bus organized systems. A LOW on the C input 


forces the driver to the OFF state by switching off the 
current source of the differential output transistor pair. 
Likewise, the two drivers have a common inhibit input, D, 
that forces both drivers to the OFF state. A LOW on the D 
inputs turns off the output current sources of both drivers 
such that both differential outputs are in the high 
impedance state. 


The driver outputs have a common mode voltage range 
of —3V to +10V. The Am55/75109 output current is 
typically GmA while the Am55/75110 output current is 
typically 12mA. 


LOGIC ie 


INP 
NPUTS 1B 


INHIBIT 
INPUTS 


TO OTHER LINE DRIVER 


ORDERING INFORMATION 


Am55/75109 
Order 
Number 
SN75109N 
SN75109J 
SN75109X 
SN55109J 
SN55109X 


Temperature 
Range 
0°C to +70°C 
OC to +70°C 
OC to +70°C 
—55°C to +125°C 
—55°C to +125°C 


Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Dice 


SCHEMATIC DIAGRAM 
(One Driver Shown) 


Am55109 Am55110 
Am75109 Am75110 


4kQ 2,.2k2 
1.6kQ 8202 
4402 2402 
1.75kQ. 8752 
2.74kQ. 1.5kQ 


OUTPUT OUTPUT 
12 


Notes: 1. Component values shown are nominal. 
2. Resistance values are in ohms. 


CONNECTION DIAGRAM 
. Top View 


Am55/75110 
Order 
Number 
SN75110N 
SN75110J 
SN75110X 
SN551103 
SN55110X 


m55/75109 
2c{_] 4 amss7s11011 [| Ycc- 


Vecs = Pin 14 
1Z cct 2Y 
tb Vec— =Pin11 


Pin 1 is marked for orientation. GND = Pin? 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec+ Supply Voltage to Ground Potential +7V 
Vcc — Supply Voltage to Ground Potential —7V 
Common Mode DC Voltage Applied to Outputs —5V to +12V 
DC Input Voltage —0.5V to +Voc+max. 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am75109, Am75110 Ta =0°C to +70°C Vec+ = 5.0V +5% Voc = —5.0V +5% 
Am55109, Am55110 Tp = —58°C to +125°C Vec+ = 5.0V + 10% Vec— = —5.0V 10% 
Am75109, Am75110 Vec+ MIN, = 4.75V Vec+ MAX. = 5.25V Voc— MIN. = —4.75V Voec— MAX. = -5.25V 
Am55109, Am55110 Voec+ MIN. = 4.5V Voec+ MAX. = 5.5V Voec— MIN. = —4.5V Vec— MAX. = -5.5V 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Volts 


Guaranteed input logical HIGH 

Guaranteed input logical LOW 
HL Input Low Current Vege MAGeMING Oey 4 
(Note 3) Am55/75109 Vcec~ = MAX. Tp 
Te Input LOW Current Voc+=MAX., Vin=0.4V | A,B,C | 
(Note 3) Am55/75110 Vec— = MAX. Pe =a 
NH Vec+ = MAX., Vin=2.4V [| A,B,C | 
(Note 3) Input HIGH Current Voec_ = MAX. } oD 
Vect = MAX., Vin=MAX. | A,B,C | 
Input HIGH Current Vec_ = MAX. a 


Volts 


| 
io) 


3 
> 


3 
> 


Output Current On-State 


Vect = MIN. 3.5 


Iq(on) Output Current On-State 


> 


Vec— = MAX. 
IQloff) Output Current Off-State 


3 


Positive Supply Current; Aand B=0.4V 
Iec+lon) Driver Enabled Cand D =2.0V 


A,B 
Cc 
A, B, © 
A, B,C 
A, B,C 
110 
Negative Supply Current; Aand B = 0.4V | 109 | 
Icc—lon) Driver Enabled Cand D=2.0V | 110 | 


N 
wlo 
3 


3 
> 


| 
4) 
| 


Positive Supply Current; 

cca Driver Disabled 
Negative Supply Current; 

Icc_loff) Driver Disabled 


All Inputs = 0.4V 


All Inputs = 0.4V 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vocy = 5.0V, Veg = —5.0V, Ta = 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current X Input Load Factor (See Loading Rules). 


3 


:< 3 ‘<3 
> > > > > 


| 
-_= 


3 
> 


| 
= 
N 


Switching Characteristics (T, = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


tPLH AorBto YorZ 
tPHL AorBtoYorZ Vec+ = 5.0 V, Vec— = —5.0 V, 


CorDtoYorZ R, = 502, C, = 40 pF 
| t CorDtoYorZ 
site| tens) 


LOADING RULES (In Unit Loads) 


Input 
Unit Load Fan-out 
Am55/ Am55/ Output Output 
Input/Output Pin No.’s 75109 75110 HIGH LOW 


1-7/8 1-7/8 ~ 
1-7/8 1-7/8 - 
1-7/8 ~ 


FUNCTION TABLE 


LOGIC eee eae = as 


OUTPUTS 
i ae ee 

OFF 

OFF 

ON 

ON 


1A 
1B 


= Ioloff) Current 
= Don't Care 


Ig — OUTPUT CURRENT — mA 


loo (on)|- SUPPLY CURRENT —mA 


Note: 


Am55109, Am75109 
Output Current 
: Versus 
Logic Input Voltage 


1.2 1.3 1.4 ts 
— LOGIC INPUT VOLTAGE — V 


Am55110, Am75110 


Supply Current With Driver Enabled 


Versus 
Ambient Temperature 


18) 
—-75 —50-25 0 


25 50 75 100 125 
Ta — AMBIENT TEMPERATURE — °C 


{gq — OUTPUT CURRENT — mA 


PROPAGATION DELAY TIME — ns 


Vcc~ 
1Z 


1-7/8 
1-7/8 


1-7/8 


Diff 
output 


=|= 
—!O|/ OO] Oj;N] OQ] oO] &] WIN] 


= 
nN 


1Y 


Diff 


13 output 


Vect+ 


14 ~ 


A TTL Unit Load is defined as 40 uA measured at 2.4 V HIGH and 
—1.6mA measured at 0.4 V LOW. 


PERFORMANCE CURVES 


(Typical) 


Am55110, Am75110 
Output Current 
Versus 
Logic Input Voltage 


V, — LOGIC INPUT VOLTAGE — V 


Propagation Delay Time 
Logic Inputs 
Versus 
Ambient Temperature 


0 
-75 -60-25 0 25 50 75 1t00 125 
T, — AMBIENT TEMPERATURE — °C 


For Am75 Series use 0°C to +70°C temperature range only. 


Am55109, Am75109 


‘ 


Supply Current With Driver Enabled 


|!co (on)| -- SUPPLY CURRENT — mA 


PROPAGATION DELAY TIME — ns 


Versus 
Ambient Temperature 


0] 
—75 -50~-25 0 25 50 75 100 125 
Ty, — AMBIENT TEMPERATURE — °C 


Propagation Delay Time 
Inhibit Inputs 
Versus 
Ambient Temperature 


0 
-7§ -50~25 0 25 50 75 100 125 
Tp, — AMBIENT TEMPERATURE — °C 
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DC TEST TABLE 


INPUTS 
Parameter A . B Cc D 


OUTPUTS 


< 
N 


| vin] Cen est Vin PM PEON 
Poa est PN NTN 
SS NN PRN SC RE 71 ARC TC (Ss - 
Vie Open PONT 
a A CA; 
Pa GND ND est TNT GNO ND 
gn i tv i a 
Poe GN est GND | GND 
[Toten | vow 
otom to rt J 
| toto) | IHC Vid ViH 
Totem ito to 
Po Ototth. = SN PON ee etl NI an I Sl or ee 
| too) | CXC CK VIH 
fe— ten i rr 


X = Don’t Care; Note 1: Output not under test must have a low impedance (<502) termination to GND. 


AC PARAMETER MEASUREMENT INFORMATION 
TEST CIRCUIT 


OVec+ 0 Vec- 


0 OUTPUT 


oe a | 
ATLA 


PULSE 
GENERATOR 
#1 


PULSE 
GENERATOR 
#2 


} To OTHER DRIVER 
INHIBIT 7 SA ead Se 


INPUT 


(See AC Voltage Waveforms for notes) 


AC VOLTAGE WAVEFORMS 


INHIBITOR 
INPUT 
CORD 


OUTPUT 
Y 


OUTPUT 
Z 


The pulse generators have the following characteristics: Zo 4 = 5092, tp = tp = 10 t5ns; tow1 = 500ns, PRR = 1 MHz; 


tow2 = 1ms, PRR = 500kHz. 


Cy includes probe and jig capacitance. 


For simplicity, only one channel and the inhibitor connections are shown. 


DEFINITION OF STANDARD TERMS 


H HIGH, applying to a HIGH voltage Seve. 

L LOW, applying to a LOW voltage level. 

| Input. 

O Output. 

Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 

I;,, LOW-level input current with a specified LOW-level 
voltage applied. 


114 HIGH-level input current with a specified HIGH-level 
voltage applied. 


Io, LOW-level output current. 

loy HIGH-level output current. 

Is¢ Output short-circuit source current. 

Iccq The supply current drawn by the device from the Vo¢ 
power supply. 

Vii_ Logic LOW input voltage. | 

Vin Logic HIGH input voltage. 

Vo. LOW-level output voltage with Ig, applied. 

Von HIGH-level output voltage with loy applied 


DEFINITION OF FUNCTIONAL TERMS 

1A, 2A, 1B, 2B The TTL data inputs to each driver. 

1€,2C The TTL inhibit inputs to each driver. A LOW input 
forces both outputs to the off-state. 

D The common TTL inhibit input to both drivers. A 
LOW input forces all four outputs to the off-state. 


1Y, 2Y, 1Z,2Z The differential output of each driver. 


UNIT LOAD DEFINITIONS 


HIGH LOW 
Measure Measure 
SERIES Current Voltage Current Voltage 


Am25/26/2700 
Am25S/26S/27S 
Am25L/26L/27L 
Am25LS/26LS/27LS | 20uA 2.7V. | -0.36mA _O.4V 
Am54/74 40uA-2.4V. «| ~—1.6mA 0.4V 
54H/74H 50uA 2.4V | —2.0mA 0.4V 
Am54S/74S | S0uA 27Vv | —2.0mA 0.5V 


54L/74t 
(Note 1) 20 uA 2.4V | —0.8mA 0.4V 


nc 10uA =. 2.4V. | -0.18mA 0.3 
AmS54LS/74LS | 20uA 2.7V | -036mA 0.4 
Am9300 40uA =-2.4V. | —1.6mA 0.4V 
Am93L00 20uA so 2.AV 

Am93S00 50uA  —.2.7V 


Am75/85 40yA 2.4V 
Am8200 40pA 4.5V 


Note: 1. 54L/74L has two different types of standard inputs. 


DEFINITION OF SWITCHING TERMS 


(All switching times are measured at the 1.5V logic level unless other- 
wise noted.) 


tptH The propagation detay time from an input change to an output 
LOW-to-HIGH transition. 

tpyyL The propagation delay time from an input change to an output 
HIGH-to-LOW transition. 

tpyw Pulse width. The time between the leading and trailing edges 
of a pulse. 

t Rise time. The time required for a signal to change from 10% to 
90% of its measured values. 

ty Fall time. The time required for a signal to change from 90% to 
10% of its measured values. 
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APPLICATIONS 


OUTPUT 


Am55/75109 or Am55/75110 in a unbalanced or single-ended connection. 


“OUTPUT 
PAIR 


INHIBIT 


lout = 2lo(on) 


Two line drivers connected in parallel for higher current. 


PHYSICAL DIMENSIONS 
Dual-In-Line aay 
Ceramic ot Br Molded 


Metallization and Pad. Layouts 


Am55/75109 Am55/75110 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 


DIE SIZE 0.056” X 0.086” DIE SIZE 0.056” X 0.056" TELEX: 34-6306 
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Am54/74221 


Dual Monostable Multivibrators with Schmitt-Trigger Inputs 


Distinctive Characteristics ® Overriding clear terminates the output pulse. 


® Dual, highly stable, one-shot. 
®@ Pin-out is identical-to the Am54/74123. 


@ 100% reliability assurance testing in compliance with 
MIL-ST D-883. 


FUNCTIONAL DESCRIPTION 


The Am54/74221 dual monostable multivibrators feature Once triggered, the output pulse is independent of the A and 


negative-transition and positive-transition trigger inputs. The 
negative-transition input (A) is a standard TTL input. The 
positive-transition input (B) incorporates a Schmitt-trigger 
circuit with sufficient hysteresis to allow jitter-free triggering 
from inputs with transition rates as slow as 1.0V per second 
while maintaining a typical noise immunity of 1.2V. For both 
the A and B inputs, triggering occurs a voltage level and 


is not a function of the input transition time. 


B inputs and is a function of the external timing components 
Rext and Cexz. The output pulse is terminated or further 
triggering inhibited when the direct overriding clear is LOW. 
The A or B input pulse may be of any duration relative to the 
output pulse. The device can be triggered from the clear input 
if the proper conditions are met as shown in the switching 
waveforms. The timing equation is: tpwOQ ~ 0.7 Cext Rey: 


SCHEMATIC DIAGRAM. 
(One Multivibrator Shown) 


ORDERING INFORMATION 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature 
Range 


0°C to +70°C 

o°C to +70°C 

0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Order 
Number 


SN74221N 
SN74221J 
SN74221X 
SN54221J 
SN54221W 
SN54221X 


Vcc 


0 Coxt/Pext 


CONNECTION DIAGRAM. 
Top View 


Note: Pin 1 is marked 
for orientation. 


Vcc = Pin 16 
GND = Pin8 
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MAXIMUM RATINGS (Above which the useful tife may be impaired) 
Storage Temperature "  —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to+Vec max. 


DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current ; ; —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74221 Ta =0°C 10 +70°C Vcc = 5.0V +5% (COM’L) MIN, = 4.75V MAX. = 5.25V 
Am54221 Ta =—55°C to +125°C, Voc = 5.0V +10% (MIL) MIN. = 4.5V MAX. = 5.5V r 
, yp. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Veco = MIN., oy = —800nA 
[von] ovmncnvn [ei 
Vcc =MIN., lot = 16mA 
oe 
vin | twemcitiewt + | etesetoraandcinrimus | 20 
J vn | tmpurtowtevt | Blagetor Mand Cassin 
ivan voli Negri 


VOH 
VOL 
VIH 
VIL 
En ae Voo=MIN. 


Input Clamp Voltage Vec = MIN., lin = —12mA 


Ne ; 
Input LOW Current 
Input HIGH Current 


ity Input HIGH Current 
Output Short Circuit Current 
ae eas res as i pies 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current X Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Switching Characteristics (T, =+25°C, C, = 15 pF, Ry = 4002) 


Parameters ' Description Test Conditions Min. Typ. Max. Units 


Rate of Rise or Fall of B Input 


7 
ae st eee 

ts Set-up Time : 
ext | Resistance 


Rext = 2k 
Gianebuiovee 
Rext = Rex MAX. 


Triggered Output Pulse Width Rext = 2k, Cext = 80 pF 

| tpwQ | Triggered Output Pulse Width Rext = 2k&, Cex = Open 

| tpwQ | Triggered Output Pulse Width Rext = 10k2, Cext = 100 pF 

Triggered Output Pulse Width Rext = 10k&, Coxt = 1uF 


‘Rext ad 2kQ, Cext = 80 pF 


Ww 
ol 


30 
700 
7 


50] 
raae | 
ioe d 
sl 
jae 
| | 
650 | 
Ler! 


LOADING RULES (In Unit Loads) PERFORMANCE CURVES 


Fan-out rere 
Input Output Output Distribution of Units for 


Input/Output Pin No.’s UnitLoad HIGH LOW _ Output Pulse Width 


1A 

1B 

1Clear 

10 

20 

2Cext 
2Rext/Cext 
GND 

2A | 

2B 


| MEDIAN 
+0.5% 


RELATIVE FREQUENCY OF OCCURENCE 


98% OF UNITS 
tow — OUTPUT PULSE WIDTH 


O}O;OINI IO! a! ALWYN] = 


2Clear 2 Variation in Output Pulse Width 
20 Versus Supply Voltage 


10 

1Cext 

TRext/Cext 

Vcc 16 


A TTL Unit Load is defined as 40uA measured at 2.4V HIGH and 
—1.6MA measured at 0.4V LOW. 


FUNCTION TABLE 
| clear | a | 8 | a | a} 


X 


5 
Voc — SUPPLY VOLTAGE — V 


Atpw — VARIATION IN OUTPUT PULSE WIDTH — % 


Variation in Output Pulse Width 
Versus Ambient Temperature 


zee eo TT K KO 
meer ter K XK 
Te dodger 


LOW 
HIGH 


L OW-H!IGH-LOW Pulse 
H 

t LOW-to-HIGH Transition 

1 

N 


L 
HIGH-LOW-HIGH Pulse 
Don't Care 


sts 


HIGH-to-LOW Transition 
otes: 1. See switching waveforms for conditions. 
2. Output in quiescent state initially. 


-75 -50-25 O 25 50 75 100 125 
Ta — AMBIENT TEMPERATURE —°C 


Atpw — VARIATION IN QUTPUT PULSE WIDTH — % 


DEFINITION OF FUNCTIONAL TERMS Output Pulse Width Versus 


- Timing Resistor Value 
A The active LOW trigger input. With the B input HIGH, 


a HIGH-to-LOW transition will trigger the monostable multi- 
vibrator. 

B The active-HIGH trigger input. With the A input LOW, 
a LOW-to-H!GH transition will trigger the monostable multi- 
vibrator. 

Clear The asynchronous direct clear input. A LOW on the 
clear input forces the Q output LOW and the O output HIGH 
regardless of the other inputs. For certain A and B input con- 
ditions, the device will trigger when the clear is removed. 

Q The TRUE monostable output. 10 30 50 100 
— — TIMING RESISTOR VALUE — k2. 
Q The complement monostable output. we 

Cex¢ One connection for the external timing capacitor. NOTE: 1. °, 


Caxt/Rex¢ The connection for the timing capacitor and timing These values of resistance exceed the maximum 
resistor recommended for use over the full temperature range 
. of the Am54221. 


tow — OUTPUT PULSE WIDTH 


ext 


p' ext Vext 


SWITCHING WAVEFORMS 


TRIGGER FROM B, THEN CLEAR-—CONDITION 1 TRIGGER FROM A, THEN CLEAR 


[tow (MIN.) ef tow (MIN. —ouf P 


{taco > 60 ns——>| 


bw—ot—trri 


B INPUT HIGH 


TRIGGER FROMA 


}>s0 = | =| 


CLEAR 


8 INPUT HIGH 


LOAD TEST CIRCUIT 


Test 


eS Fe POINT Veo 
B f- ‘NS j 


[o> 50 ns [==> 50 rae 


3Vv 

FROM OUTPUT 

CLEAR : UNDER TEST 
-__——--->-- SS ————- Vv 


Cy INCLUDES 
PROBE AND JIG 
CAPACITANCE 


ALL DIODES 
1N916 OR 
1N3064 


A INPUT LOW 


Notes: 1. Input pulse are supplied by generators having the following characteristics: ty <7 ns, t; <7 ns, PRR <1 MHz, and Zou; = 50 2. 
2. All measurements are made between the 1.5 V points of the indicated transitions. 
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DEFINITION OF SWITCHING TERMS 
(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


tPLH 


tPHL 


The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 

Pulse width. The time between the leading and trailing 
edges of a pulse. 

Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 

Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 

Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 


UNIT LOAD DEFINITIONS 


SERIES 
Am25/26/2700 


Am25S/26S/27S 
Am25L/26L/27L 
Am25LS/26LS/27LS 


Am54/74 
54H/74H 


Am54S/74S 


BSAL/74L 
(Note 1) 


54L/74L 
{Note 1) 


Am54LS/74LS 


Am9300 
Am93L00 
AmS83S00 
Am75/85 
Am8200 


Note: 1. 


APPLICATION 


HIGH 
Measure 
Current Voltage 


40yuA 2.4V 
50yA 2.7V 
20pA 2.4V 
20pA 2.7V 
40uA 2.4V 
50pA 2.4V 
50nA 2.7V 


20nA 2.4V 


10uA 2.4V 


20uA > 2.7V 
40pA 2.4V 
20pA 2.4V 
50uA 2.7V 
40nA 2.4V 
40yA 4.5V 


LOW 


Current 
—1.6mA 


—2.0mA 
—0.4mA 
—0.36 mA 
—1.6mA 
—2.0mMA 
—2.0mA 


—0.8mA 


—0.18MA 


—0.36mA 
~1,.6mA 
—0.4mA 
—2.0 mA 
-1.6mA 
—1.6mA 


Measure 
Voltage 


0.4V 
0.5V 
0.3V 
0.4V 
0.4V 
0.4V 
0.5V 


0.4V 


0.3V 


0.4V 
0.4V 
0.3V 
0.5V 
0.4V 
0.4V 


54L/74L has two different types of standard inputs. 


Triangle (or Sine Wave) to Square-Wave Converter 


tpwO © 0.7 Rext Cext 


Metallization and Pad Layout 


18 
1CLR 


10 
20 
2Cext 


2 Rext/Cext 


Voc 


DIE SIZE 0.049” X 0.089” 


Vec 


1 Rext/Cext 


ext 
1Q 


20 


28 


INPUT/OUTPUT VOLTAGE DEFINITION OF STANDARD TERMS 
INTERFACE CONDITIONS 


H HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 


MINIMUM LOGIC I Input. 
HIGH" OUTPUT 
VOLTAGE Vou O Output. 


Negative Current Current flowing out of the device. 


MINIMUM LOGIC Positive Current Current flowing into the device. 
IMMUNITY “HIGH” INPUT 


(High tevel) NOETAGE Iy, LOW-level input current with a specified LOW-level 
voltage applied. 


Iiy HIGH-level input current with a specified H!GH-level 
MAXIMUM LOGIC hoe 


me voltage applied. 
“LOW” OUTPUT: oe Caen MAXIMUM LOGIC ge app 
Pee att 
ae a 


“LOW” INPUT rl 
VOLTAGE a Jo thee LOW-level output current. 
NOISE 


IMMUNITY HIGH-level output current. 
(Low level) 


DRIVING DEVICE RIVEN DEVICE Output short-circuit source current. 


Vito 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Icc The supply current drawn by the device from the Vcc 
power supply. 


Vit Logic LOW input voltage. 


Vin Logic HIGH input voltage. 
DEVICE eee Vo_ LOW-level output voltage with lo, applied. 
Vou HIGH-level output voltage with Ioy applied. 


Note: Refer to Electrical Characteristics for measure current. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Ceramic Molded 


O11 


“009 


|__:360 
-400 


ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 4-74 


Am1101A/1101A1 


256-Bit Fully Decoded Random Access Memories 


Distinctive Characteristics 


e 256-bit fully decoded silicon gate MOS static random ® Chip select and OR tieable outputs allow easy ex- 


access memories. 


* Typical access time: 650 ns Am1101A1 


850 ns Am1101A 


pansion to large memories. 


© 100% reliability assurance testing in compliance with 


MIL STD 883. 


FUNCTIONAL DESCRIPTION 


The Advanced Micro Devices’ Am1101A and Am1101A1, 
are silicon gate MOS fully decoded random access 
256-word by 1-bit memories. Low threshold silicon gate 
technology enables the devices to interface directly with 
standard DTL and TTL circuits. The memories use normally 
off P-channel MOS devices to form a static memory array that 
is ideal for use in small buffer memory applications. The 
Am1101A1 is a selected Am1101A for applications where 
higher speed is required and the Am1101ADM is a selected 
Am1101A which operates over the full military temperature 
range. The memories have an active LOW chip select input 
and OR tieable complementary outputs for ease of memory 
expansion. The chip select input can be driven by TTL MSI 
decoders such as the Am9301. 


These memories are operated by applying DTL or TTL logic 
levels to the_device inputs. For a read operation the chip 
select input, CS, is held at a LOW logic level. The appropri- 
ate pattern is applied to the address inputs and the read/ 
write input is held at a LOW logic level. The information 
stored in the addressed location is read out on complemen- 
tary outputs, DO and DO, that can directly drive DTL or TTL 
circuitry. For a write operation, the chip select is held at a 


LOGIC SYMBOL 


71091161 3 2 


Ao A1 A2 A3 Ag AS Ag AZ 


Ami101A =P 


RAM 


256WX1 BIT polo 14 


Ambient ve 
Package Temperature Order 
Type Number 
Molded DIP O+75° P1101A 
Hermetic DIP eC to.+7, C1101A 
Molded DIP ss. *.** O°C.to4 P1101A1 
Hermetic DIP: 20°C C1101A1 
Hermetic:DIP” 1101ADM 


LOW logic level and the read/write input is moved to a HIGH 
logic level 300ns or more after the address has been se- 
lected and held HIGH for at least 400ns. This is to allow time 
for address decoding and to ensure writing data into the 
correct location. The data to be written into the addressed 
location must be present for at least 300ns before the end of 
the write command. During the write operation, if the chip 
is selected, the data outputs follow the data input line. 

When the chip is unselected both the read/write and the 
data input leads are ineffective and both outputs go to a 
high impedance “OFF” state. The chip select, however, does 
not operate on the address decoders. This feature allows an 
effective.increase in memory speed in some applications by 
using the faster delay from the chip select to the output. 


The memory can be operated in a low power standby mode 
by switching the periphery circuitry supply, Vo, to Vcc and 
maintaining only the cell power supply, Voo, supply current. 
When a chip is selected, the Vo supply is separated from the 
Vcc. In this mode of operation the chip select and Vp pin can 
be tied together, allowing full power to be dissipated only in 
selected chips and considerably reducing the system power 
in a large memory system. 


BLOCK DIAGRAM 


256-BIT 


2) 
ia 2 
ey 
t | [Bu > 
3 «QO z 
a a8 a 
=d ou w 
2 <6 z 
2] /* 
x x 


SENSE Y-ADDRESS 
CIRCUIT DECODE 


Y INPUT BUFFERS 


OUTPUT 
BUFFER 
INPUT 
BUFFER 


Aq As Ag AZ 


DATA IN 


CONNECTION DIAGRAM 
Top View 


AZ A1 A2 


Ao VDD 


NOTE: Pin 1 is marked for orientation. 


MAXIMUM RATINGS Above which the useful life may be impaired (Note 1) 


Storage Temperature 


Temperature (Case) Under Bias (Note 2) 


—65°C to +160°C 
—55°C to +125°C 


Power Dissipation at Room Temperature 700 mW 
All Input and Output Voltages with respect to the Most Positive Supply Voltage, Vcc +0.3 V to —20V 
Supply Voltages Vpp and Vp with respect to Voc , —20V 
OPERATING RANGE 
Device Voc VD Vop Temperature 

1101A,1101A1 | +5.0+5% | -9.0+5% | —9.0+5% 0°C to +75°C 

Am1101ADM | +5.0 +5% | —10.0 5% | —10.0 +5% | —55°C to +125°C 
ELECTRICAL CHARACTERISTICS (over operating range unless otherwise specified) 

Am1101A, Am1101A1 Am1101ADM 
(Note 3) (Note 3) 

Parameters Test Conditions Typ Max Min Typ Max Units 


Vou 

Output HIGH Joy = —100 nA 

Voltage 

Vor 

Output LOW 
Voltage 

Vin (Note 4) 
Input HIGH 
Voltage 
Vj, . (Note 4) 
Input LOW 
Voltage 


I 
Input Load 
Current 


=] 
> 


ho 
Output Leakage Vour = 0.0 V, 
Current 


3 
> 


lo. 
Output Sink 


Current Vout = 0.45 V, T, = +25°C 

lou Vour = 0.0 V 20 
Output Source oot 

Current Voyr = 0.0V, Ty = +25°C 


Ioer 
Output Clamp 


Current 


lop DC In, =0.0mMA, Ty, = MIN. 
Power Supply 
Current Ion, = 0.0mA, T, = 25°C 
I, DC Io, = 0.0mA, T, = MIN. 
Power Supply 


Current Ion, =0.0mMA, T, = 25°C 


3 
> 


3 
> 


3 
> 


3 
> 


> 


I 
nN 
prs 


Cw (Note 5) : 
Input Vin = Veo f = 1 MHz 
Capacitance 

Cour (Note 5) 

Capacitance 

C, (Note 5) 

Capacitance 

onVp 


= 
Oo 


= 
oO 
ue) 


no] 
TT a 


Note ft: Stresses above those listed in ‘“‘MAXIMUM RATINGS” may cause permanent damage to the device. This is a stress rating only and functional operation at these 
or at any other condition above those indicated in the operating sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device rellability. : 

Note 2: The thermal resistance 6,, Case to Ambient is to a large extent dependent on ambient conditions such as velocity of air and the positions of packages and 
mounting boards relative to one another. ; 

Note 3: Typical values are at normal voltage and T, = +25°C. 

Note 4: A TTL device driving the memory must have its output HIGH > V,,, min and its output LOW < V,, max even when driving other circuitry. 

5-2 Note 5: This parameter is periodically sampled and not 100% tested. 


SWITCHING CHARACTERISTICS (Over operating range unless otherwise noted) 
(Output load is.1 TTL gate and 20 pF) 


Parameters Description Conditions Min. (Note 1) Max. Units. 


Access Time, Amt1101A 
Address to Output 
HIGH or LOW 


CS=L 
See Fig. 1 


Delay, Chip Select to Output HIGH 
Impedance State : 


Address Set-Up Time 
Address Hold Time 


System Read Cycle 

(defined by tpg (A) 

System Write Cycle (defined by 
ts max + toy max + th max 


Note 1: Typical speeds are at 25°C ambient. 
Note 2: To write, CS and W must both be active for at least 400 ns; either signal can be used as a 400 ns “write pulse’’ if the other one is active during the writing 
period. 


SWITCHING WAVEFORMS 
CONDITIONS OF TEST: 


Input pulse amplitudes: 0 to 5V, input pulse rise and fall time: 10 nsec. Speed measurements referenced to 1.5 V levels (unless otherwise 
noted). Output load is 1 TTL gate and C, = 20 pF; measurements made at output of TTL gate (tp) < 10 nsec). 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMH TOL 


Fig. 1 READ CYCLE, showing access times for address and for chip select to and MAY CHANGE = Gyancing 
from the high impedance state. FROMLTOH = FROM LTOH 


AT LEAST tpw MAX 
WRITE ENABLE DON’T CARE; CHANGING; 
(=RMW - CS) ANY CHANGE STATE 
PERMITTED UNKNOWN 
ts(A) MAX 
Tw-WRITE CYCLE cae: 


a1 VV ae nee 
AVAVAN AA N\ h\)\ M\\\ MA “OFF STATE 


YORE AERA MAN VV 
AMAVAVAYAVAVAVAYAVAVATAVAVAVAVAPAPAVANA' AVAAVAVAYANANA 


Fig.2 WRITE CYCLE, showing required set-up times for address and data. The 
chip select and the write line are active. The data outputs will follow the data 
input during the write operation. 


ACCESS TIME — ysec 


TYPICAL CHARACTERISTICS 


Output Sink Current Power Dissipation 
Versus Temperature _ Versus Voltage 
“e 300 
E 
' Vp = VoD = -9.0V 
5 Vout = .45V POWER DISSIPATED (Ip X Vp) 
rd BY PERIPHERAL CIRCUITRY 
- = 200 
5 E 
° 1 
“ fa 
a = 
5 © 199 [_ POWER DISSIPATED (Ipp X Vop) 
5 BY MEMORY CELLS 
i) 
q Vcc = 5.0V 
3 . TA=25°C 
~20 0 20 40 60 80 100 -8.0 ~9.0 -10.0 
Tp — AMBIENT TEMPERATURE — °C VOLTAGE — Vp, Voob 
Output Current Versus Power Dissipation 
Output Voltage Versus' Ambient Temperature 


Vcc = 5.0V 
Vp = Vop = -9.0V 


Vcc = 5.0V 
Vp = VoD = —9.0V 


POWER DISSIPATED (Ip X Vp) 
BY PERIPHERAL CIRCUITRY 


BIPOLAR LOGIC 
‘O’ LEVEL 
(WORST CASE) 


POWER — mw 


POWER DISSIPATED (Ipp X Vpp) 


ERB BY MEMORY CELLS 
1 3 5 


— !0H -mA—+—1 9, - mA— 


5 -3 -1 0 20 40 60 80 100 
OUTPUT VOLTAGE -V T, — AMBIENT TEMPERATURE ~°C 
SWITCHING CHARACTERISTICS 
Access Time Versus Access Time Versus Access Time Versus 
Load Capacitance Ambient Temperature Supply Voltage 
. 1.4 
Vcc = §.0V 
2 Ta = 25°C 
§ 3 
a 

{ ( 
w tu 
= = 
e - 

Ata rs) Vcc = 5.0V: Oo 

Cc: —— 7 
ro i al z Vp = Vop = -9.0V z 
1 TTL LOAD 
CL = 20 pF 
0 100 200 300 400 0 20 40 60 80 100 0 -6 -7 -8 -9 -10 -12 


CL — LOAD CAPACITANCE — pF Ty - AMBIENT TEMPERATURE ~°C Vp — VOLTS 
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a i fs occ Ge mee es a pi ea Sea aa a ess ew ed 
X ADDRESS INPUT BUFFERS 


VO CIRCUIT 


— 


MEMORY CELLS 


= 
< 
© 
= 
a 
5 
) 
fx 
7) 


OECODER 


PHS 
| Y ADDRESS 
J bone Ss oe oe 
a 
Cee ee cee ee ee ee ete ne a eee i eee 


ADDRESS INPUT BUFFERS 


LY 
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APPLICATION 


2048 Word x 1 Bit Memory 


ADDRESS INPUTS 
Ago=———__—_-A10 


MEMORY 
ENABLE 


Ao At A2 A3 


Am9301 1/10 DECODER 


AQ A1 A2 AZ Ag As Ag A7 AQ A1 A2 AZ Ag As Ag AZ 


OCS amit01a1 =—00 Amit01a1 «8 
DI Amt101A | Ami101A 
RAM 


Am1101A1 
Am1101A 

RAM RAM 
Le 2sewx1B =: 00. 25ewx1e = DOFO 256WX1B 

ni A1 Az A3 Aq As Ag Az, AQ A1 A2 A3 A4 As Ag A7 Ao A1 Az A3 A4 As AG _ 

ojcs Am1101A1 90 orcs Ami101A1 98 OCs Am1101A1 
DI Am1101A DI Am1101A DI Am1101A 

Gx RAM | | we RAM Fal -_ RAM 
E 256wx1B 256WX1B 256WX1B 

O O 


DATA OUT 
DATA OUT 


READ/WRITE 
DATA IN 


PHYSICAL DIMENSIONS 
Dual-In-Line 


Metallization and Pad Layout 


ADVANCED 
' MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 

Ao VopA2 At (408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


074 


, 4 020 
100.032 ml |. .aro 025 410 
MIN REF 090 O14 -290 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. (2) 


112 x 124 Mils 


Am14/1506 Am14/1507 


Dual 100-Bit Shift Registers 


Distinctive Characteristics 


-hit hiqh- Wi : © 100% reliability assurance testing in compliance with 
e feaisists bit high-speed silicon gate MOS shift MIL STD 883 
e DTL and TTL compatible e Electrically tested and optically inspected die for the 


me ; assemblers of hybrid products 
e Low power dissipation of 0.4 mW/bit at 1 MHz e Mixing privileges for obtaining price discounts. 


-® 2 MHz frequency operation guaranteed Refer to price list 


FUNCTIONAL DESCRIPTION 


The Advanced Micro Devices dual 100-bit dynamic MOS shift Silicon gate technology gives high-speed operation, low- 
registers are bullt using enhancement mode P-channel silicon power dissipation and low-clock input capacitance 
gate MOS devices. The circuits use low-voltage circuitry for The shift registers are ideal for low-cost buffer memories, 
low-power‘dissipation and ease of interfacing into bipolar DTL long serial digital delay lines, etc. The devices are available 
and TTL circuits. ‘in the commercial (0°C to +70°C) temperature range and 
the military (—55°C to +125°C) temperature range and are 
The shift registers can be driven by either DTL or TTL circuits available with open drain output (Am14/1506), or with a 20k2 
-or by MOS circuits and provide driving capability to MOS or pull-down resistor (Am14/1507) for easier interface to other 
bipolar circuits. circuitry. 


CIRCUIT DIAGRAM 


Voc =PIN4 
Vop =PIN8 


SCHEMATIC FOR SECOND 100 BITS SAME AS ABOVE 1 =PINS 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 
Part Package Ambient 
Number Type Temperature Range .. 


Am1406 TO-99 —55°C to +12596>* 1406T 
Am1506 TO-99 O°C to,F70°C © 1506T 
Am14/1506 Dice soNotes.. 08% 1406D 
Am1407 TO-99 65°C to--f425°C 1407T 
Am1507 Pe 5 ee +70°C 1507T 
Am14/1507 i 1407D 


ot 


Note: The dice sup ied will contain units which meet both 0°C to 
+75°C and —55°C to +125°C temperature ranges. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature - —65°C to +160°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Power Dissipation (Note 1) 500 mW 
Data and Clock Input Voltages with respect to most Positive Supply Voltage, Vcc +0.5 V to —25 V 
Power Supply Voltage, Vpp with respect to Voc +0.5 V to —25V 


ELECTRICAL CHARACTERISTICS 4™1506/1507 T, = 0°C to +70°C } uniess otherwise specified 


Am1406/1407 Ta = —55°C to +125°C 


DC Characteristics over Operating Temperature Range (Vp) = —5.0 VV +5%,Vcc= +5.0 V +5% unless otherwise specified) 
Limits Over Specified Temperature Range 


Parameters Test Conditions Min. Typ.’ (Note 1) Max. Units 
Voy (Note 2) low = —2.5mA 
Output HIGH. Load = 20 k2 Volts 
Voltage 
Cttput ow | fot = 200 HA 
Voltage 1407, 1507 only 


5 Vin = 
Input HIGH yoo = ary Volts 
Voltage ce . 


Vit bs 
Input LOW Woo = ant 
Voltage COS ERs 


Vinc 


Clock Vop =—5.0V Volt 
Input HIGH Veo = +5.0V an 
Voltage 


Vite 
Clock 


Input LOW 
Voltage 


Vop = —5.0 Vv 


Veco = $5.0 V Volts 


Pins 2, 3, 4,5,6,7=0V ae 
Pint =—18V Pin8=—8V LT aceon! 
Pins 1, 2,3, 4,5,6=0V Eiphe 
Pin7=—18V Ping=—8y 'aa 28°C 


IL Input Pin 1 
Input Load 


Current . Input Pin 7 


a 
oO 
Oo 
3 


lic 
Clock Input 
Current 


Clock Input Pins 3,5 = —18 V T,=25°C 
All Other Pins = 0 V 


a 
[=] 
° 
Ss 


Iho (Note 3) ; Pins 1,4, 6,7,8=0V 
Output OutputPin2 = bin2=—18V Pins 3,5=—8V 
Pins 1, 2, 4,7,8=0V 

Pin6=-18V Pins3,5=—8V 


Leakage 
Current 


Output Pin 6 


lnp (See Graphs) 
Power 


Supply (ote 4) 
Current 
Zout 
Output ON 
Impedance 


f = 1MHz 
Duty Cycle = 60% 


3 


; < 
- > > > > S S 
| z z 


_ 
@ 


Ss 


Vpp = —5.0 V 


Ve 450V lon=—25mA 


Cin ‘ Input Pins 1, 7 

Input Vi=V 

Capacitance IN = FCC 

Ce * ; _ 
Clock Clock input Pins 3,5 Vé@=Vec 
Input 


Capacitance Clock Input Pins 3,5 V¢é = —20 V Bias 


Cy, (Note 4)» 
Output 
Capacitance 


Output Pins 2, 6 
Vout = Vee 


ms) 


bh ~ 
pb a 
9 °o 

ao} 3 

pa ea a 


Note 1: Typical values are at Veg - Vp) = 10 V and T, = 25°C. 


Note 2: In the logic HIGH level the MOS register output can supply 2.5 mA into the load combination of the internal pull-down resistor and the external load. In the 
logic LOW level, ig, represents the current the Internal 20 k© resistor will sink. In order to insure current sinking capability for one standard TTL load, an externa! pull- 
down resistor must be added. See applications. . 


Note 3: Leakage current for 1406 and 1506 only. For 1407 and 1507 the output on pins 2 and 6 will exhibit a resistance when measured with the following blas con- 
ditions: pins 1, 6, and 8 at GND; pins 3 and 5 at —16V; pin 4 open; measure pins 2 and 6. 25 k2 > Roy; = 15 ka. 


Note 4: Power dissipation is directly proportlonal to clock duty cycle. Duty cycle Is defined as: clock frequency (t¢,pw + t¢,pw + % [t, + t,]). 
5-8 *This paramenter is periodically sampled and Is not 100% tested. 


SWITCHING CHARACTERISTICS (Vpp = —5 V 5%; Vec = +5 V +5% unless otherwise specified) 


Limits Over Specified Temperature Range 


Parameter Description Test Conditions Min. Max. Units 
Note 5) 2 
f, Clock Frequency eee MHz 
1 
130 
t dow Clock Pulse Width : ns 
200 
= 0.4 us 
ts, Clock Pulse Delay 1 pw HS f, = 1MHz 100 ns 
4 ¢>pw0.2us ° 
tat, Clock Pulse Rise/Fall Time 50 ns 
100 
t, Input Data Set Up Time ns 
200 
Input Data Hold Time 100 ns 
Propagation Dela 
fOpagerion clay Vic —Vee = —16V 100 ns 


¢, to Output 


Note 5: See ‘Minimum Operating Frequency” graph for low limits on clock rate. 


DESCRIPTION OF TERMS 


OPERATIONAL TERMS 


Von Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 


Vo. Maximum logic LOW output voltage with output LOW current 
Io, into output. 
Viq Logic HIGH input voltage. 

Vi, Logic LOW input voltage. 

Vite Clock LOW input voltage. 

Vine Clock HIGH input voltage. 

I, Input load current. 

Io Output leakage current. 

In5p Power supply current. 

Zu; Output impedance with output sourcing 2.5 mA. 

C,, Input capacitance. 

C¢ Input clock capacitance. 

Coyr Output capacitance. 


FUNCTIONAL TERMS 
¢\1¢, The two clock phases required by the dynamic shift register. 
#, The clock frequency of the shift register. 


SWITCHING TERMS 

ty The delay between the LOW to HIGH transition of a clock 
phase to the HIGH to LOW transition of the other clock phase. 
t¢dpy The clock pulse widths necessary for correct operation. 

t, t, The clock pulse rise and fall times necessary for correct op- 
eration. 

t, The time required for the input data to be present prior to the 
LOW to HIGH transition of the clock phase ¢, to ensure correct 
operation. 

t, The time required for the input data to remain present after the 
LOW to HIGH transition of the clock phase ¢, to ensure correct 
operation. 

tia, The propagation delay from the HIGH to LOW clock phase ¢, 
transition to the output LOW to HIGH transition. 
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SWITCHING WAVEFORMS 


Clock Rise Time 10 ns 

Clock Fall Time 10 ns 

Data Amplitude +0.8V to +2.5V 
Output Load 1 TTL Unit Load 


CLOCK PERIOD 


OUTPUT BIT 1 


100 BIT DELAY 


SWITCHING CHARACTERISTICS 


Minimum Operating Maximum Frequency 
Frequency Versus Versus 
Temperature Clock Amplitude 


N 
= 
= 

i I 
> 
7 Q 
7 
3 5 
z [eo] 
w lu 
2 «x 
fo} uw 
Ww 
c = 
Tm > 
l = 
2 % 
= 
I 
Ww 


tépy = 130 ns 
Ta = 25°C 
Vop — Veo = -10 V 


SPECIFIED 
OPERATING 
RANGE 


Von — Veg = -10V 


Vic — Veo = —16 V 


0.1 0 : 
-60 -20 20 60 100 140 180 =10 -12 -14 -16 -18 


Ta — AMBIENT TEMPERATURE — °C Vite - Veco — VOLTS 


SWITCHING CHARACTERISTICS 


Power Dissipation Power Dissipation/Bit 
Versus Frequency Versus Supply Voltage 


POWER DISSIPATION — mW 
POWER DISSIPATION ~ mW/BIT 


Vop = Voc =-10V 
Vite - Vcc =-16V 


1 10 100 Ik = 10k 
OPERATING FREQUENCY — kHz (Vpp — Vec) — VOLTS 


Maximum Package 
Power Dissipation/Bit Power Dissipation 
‘Versus Clock Amplitude Versus Temperature 


Vop = Vec= -—10V 


0.4 -T = 55°C EP 


POWER DISSIPATION — mW 


E 
J 
= 
€ 
| 
z 
rs) 
Be 
< 
2 
a 
2 
a 
a 
w 
= 
fo) 
a 


QO 0 
-8 -10 -12 -14 -16 -18 ~20 -25 0 25 75 125 


CLOCK AMPLITUDE — VOLTS Ta — AMBIENT TEMPERATURE — °C 


Power Dissipation/Bit Power Dissipation/Bit 
at 2 MHz Versus at 1 MHz Versus 
Temperature Temperature 


téapw = 100 ns 
t¢4 py = 100 ns 
tog = 100 ns 


POWER DISSIPATION — mW/BIT 
POWER DISSIPATION — mW/BIT 


125 175 75 125 
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 
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APPLICATIONS 
DTL/TTL/MOS Interfaces 


100-Bit Delay 200-Bit Delay 
+5V : 


é ‘Am 1406 - 1407 - 1506 - 1507 Pee 
100 BIT fn) 


INPUT REGISTER 
" _ 
OUTPUT 
ae. 


0 
100 BIT * 
He REGISTER a f j 


— * 


Am1406 - 1407 - 1506 - 1507 
100 BIT 100 BIT 
REGISTER I 


*For Am1406 and 1506 only 


Maximum Value of R, (Vp) = —5.0 +5%) 

Gate Type 1406, 1506 1407, 1507 
Standard TTL 3.2k 3.8k 
93L Low Power 12.8k 35k 
74L Low Power 28k none required 


PHYSICAL DIMENSIONS 
(In Accordance with JEDEC TO-99) 


0.370 p 
0.335 


Metallization and Pad Layout 
69 x 74 Mils 


INPUT; 1 : =| 8 Vop 
iil / eit 
0.50 EAE i 
we HEL 4 
TERE RERESEIAE ADVANCED 
ourur, 2 La EEE MICRO 
SEATING J sane sat EEN Xt — 6 output, DEVICES INC. 
vec «panel § chock 18) 901 Thompson Place 
Sunnyvale 


California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


NOTES: (1) All dimensions in inches. 


(2) Leads are gold-plated Kovar. 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(1) 


Am2533/2833 


1024-Bit Static Shift Registers 


Distinctive Characteristics 


@ Second source to Signetics 2533 @ 100% reliability assurance testing in compliance with 
@ All inputs are low-level DTL/TTL compatible MIL-STD-883. 
® Static operation with single clock input. @ DC to 2.0MHz operation with Am2833 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am2533/2833 is a quasi-static 1024-bit MOS shift 
register using low-threshold P-channel silicon gate tech- 
nology. 


The device has a single TTL/DTL compatible clock input, 

Cp. Data in the register is stored in static, cross-coupled pastecpnad 

latches while the clock is LOW, so that the clock may be 1, 1024.BIT SHIFT REGISTER 

stopped indefinitely in the LOW state. When the clock Cp 

shifts from LOW to HIGH to LOW a-dynamic transfer of 

data occurs from one static latch to the next. The input of 

the register is a two-input multiplexer with both data in- 

puts available. A select line, S, determines whether data will ihn 

be accepted from the Ig input (S = LOW) or the Iq input Me S oo e 
. . : GG = Pin 2 

(S = HIGH). The register can be placed in the recirculate Vpp = Pin 4 

mode by tying the output, O, to one of the data inputs, and 

using the select line as a write/recirculate control. The 

Am2833 is functionally identical to the Am2533 but has 

superior performance over an extended temperature range. 


OUT 


LOGIC DIAGRAM 


1024-BITS 


ORDERING INFORMATION ‘CONNECTION DIAGRAM 
Top View 


Am2833 


Package Temperature ra) Order 
Type : i Number 


Molded DIP C 16,470" Ce AM2833PC 
Hermetic DIP O%C to +70°C’"”- AM2533DC_ = AM2833DC 
Hermetic DIP 55°C. to'£125°C AM2833DM 


a 


Note: Pin 1 marked for orientation 
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MAXIMUM RATING (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vop Supply Voltage Vss —20V to Vss +0.3V 
Veg Supply Voltage Vss —20V to Vssg +0.3V 
DC Input Voltage . Vsg —20V to Vsg +0.3V 


OPERATING RANGE 


| vec | Yoo | 
Am2533PC/Am2833PC_ | 6 Ve: 
o°C to 70°C 5.0V +5% | —12.0V 45% 
Am2533DC/Am2833DC 
Am2833DM —55°C to +125°C 5.0V +5% | —12.0V +5% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Output HIGH Voltage Vec = MIN., Jon = —100nA 

Output LOW Voltage Voc = MIN,, Io = 1.6mA ae a ae 
Guaranteed input logical Am2533 Vec—1.8 

Input HIGH Level . 
HIGH voltage for all inputs | Am2833 (Note 3) 


Input LOW Level Guaranteed input logical LOW Vac 
voltage for all inputs 
Input LOW Current Vcc = MAX.,, Vin = OV, Ta = 25°C 
Input HIGH Current TA = 28°C, Vin = Vcc —1.0 (Note 3) 
ae aes 


Peak input transition . . 
current (Note 3) AE SN EN IS ROTA S22 © 
Voltage at maximum TA= 25°C 
input current : 
vee Jase f = 1.5MHz Am2533 
Ss aa a ere Am2833PC, DC 
urren =2, z 
. Am2833DM 
, 7 Saat f = 1.5MHz Am2533 
r 
Siete 
Current f = 2.0MHz 
Am2833DM 


Notes: 1. Typical limits are at Voc = 5.0V, Vag =—12V, 25°C ambient. 
2. Power supply currents are with inputs and outputs open, 
3. A special input pull-up circuit becomes active at Vjp_y = Vgg —3.5V to pull the internal input node up to the MOS threshold, To return the 
internal node to the LOW state, current must be drawn from the MOS input, This current is maximum at approximately 2.0V. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Am2533 Am2833 
Typ. Typ. 
Parameters Description Test Conditions . Min. (Note 1) Max. Min. (Note 1) Max. Units 


Maximum Clock Frequency 
Clock LOW Time 


Clock HIGH Time 
Clock Rise and Fall Times 


te(l) Set-up Time, Ig or Iq Input 
(see definitions) 


Hold Time, Ig or 14 Input 
th(t) (see definitions) 


; ty = tf < 25ns 
Set-up Time, S Input ; 
(see definitions) . 
Hold Time, S Input 
th{S) (see definitions) 
tod 


Delay, Clock to Output Ps & 
LOW or HIGH ea aa 


tor, tof Output Rise and Fall Times 10% to 90% 
Capacitance, Any Input (Note 2) =1MHz, Vin =Vec 


Notes: 1. Typical limits are at Vcc = 5.0V, Vag = —12.0V and Ta= 25°C : 
2. This parameter is periodically sampled but not 100% tested. It is guaranteed by design. 


TIMING DIAGRAM 


" | 


KOON. XX 
RR | UB 


XXX 


RRR 


Pi 


\/ XXKXKXKY 
Anns 


ov 


WRITE DATA FROM 14 


|| 
KY WAV, KY XXXKXK KK KKM / \KXXX YVV/ 
RRR | ARIS 


Xx LAV AV AV AVA AS 


VYY = YVYYYY 


tod MAX 


9, 


\) € AXON AY yx 
ROMs DORKS 


. Re 


te <t¢ MAX 
tr <t, MAX 


0 


RII AX XX 
XXX L\ XX XX 


[\/N/\ 


RY 


tell) MAX. thil) MAX, 


th(S) MAX. 


YOY QA 
OK XXX /X XX XX /N 


Y 
LN 


WRITE DATA FROM Io 


TYPICAL PERFORMANCE CURVES 


Power Dissipation 
. Mersus Ambient Temperature 


Po ~ mW 


o 10 20 30 40 50 60 70 80 
Ta-°C 


DEFINITION OF TERMS 


STATIC SHIFT REGISTER A shift register that is capable of 
maintaining stored data without being continuously clocked. 
Most static shift, registers are constructed with dynamic master 
and static slave flip-flops. The data is stored dynamically while 
the clock is HIGH and is transferred to the static slaves while the 
clock is LOW. The clock may be stopped indefinitely in the 
LOW state, but there are limitations on the time it may reside 
in the HIGH state. 


tpg as a Function 
of Ambient Temperature 


OUTPUT DELAY — ns 


“ SET-UP and HOLD TIMES The shift register will accept the data 


that is present on its input around the time the clock goes from 
HIGH-to-LOW. Because of variations in individual devices, there 
is some uncertainty as to exactly when, relative to this clock 
transition, the data wifl be stored. The set-up and hold times 
define the limits on this uncertainty. To guarantee storing the 
correct data, the data inputs should not be changed between 
the maximum set-up time before the clock transition and the 
maximum hold time after the clock transition. Data changes 
within this interval may or may not be detected. 5-15 


APPLICATIONS 


| REGISTER ADDRESS 


WRITE 
ENABLE 


Ss Ss 


Ao Ay A2 A3 


Am2533/2833 


Am2533/2833 
our 1024.BIT SHIFT REGISTER 


1024-BIT SHIFT REGISTER our 


Am9301 
1+OF-10 DECODER 
012345 678 9 


s 


Am2533/2833 


; Am2533/2833 
1024-BIT SHIFT REGISTER OUT 


i} 
0  1024-BIT SHIFT REGISTER OUT 


s 


Am2533/2833 
1024-BIT SH1FT REGISTER 


lo Am2533/2833 


ouT 1024-BIT SHIFT REGISTER OUT 


READ ENABLE 


sf fo ly la 13 14 Ig fg t7 


$4 Am9312 
8-INPUT MULTIPLEXER 
82 z 2 


Eight Register 2048-Bit Memory System DATA OUT 


Data enters one of the eight 2048-bit registers when the write enable input to the decoder is LOW. The 
addressed register will accept the data on the data input; the other seven registers will recirculate their data. 
Outputs are driven directly into an Am9312 8-input multiplexer. Obviously, the read and write registers 
need not be the same. 


PHYSICAL DIMENSIONS 
Molded 8-Pin DIP 


TRUTH TABLE 


H = HIGH Voltage level 
L = LOW Voltage Level 
X = Don't Care 


Metallization and Pad Layout — 


1 OUT 
ADVANCED 
8 Voc : MICRO 
DEVICES INC. 
7A; 901 Thompson Place 
Sunnyvale 
4 i: California 94086 


(408) 732-2400 
TWX: 910-339-9280 
DIE SIZE: 0.133” X 0.163" TELEX: 34-6306 
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Am2102 /Am2102-1/Am2102-2. 


1024-Bit Static N-Channel RAM 


Distinctive Characteristics 

@ Operates from single 5V power supply 

@ Three speed selections: Ipsec, 650ns, 500ns 

© All inputs and outputs directly TTL compatible 


@ No clocks required 


@ 100% reliability testing in accordance with 
MIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am2102 is a static N-channel 1024-bit random access 
memory. The device operates from a single +5 volt power 
supply and all inputs and outputs are directly TTL com- 
patible with no external components required. The memory 
is addressed for reading or writing one bit by applying a 
binary code to the 10 address inputs Ag—Ag. Writing is 
accomplished by lowering the write enable (WE) and the 
chip select (CE); the data on the data input (Dj;,) will be 
stored in the addressed location. If the chip select is low- 
ered while write enable is HIGH, then the data stored in the 
addressed location will be read out on the data output 


(Dout). 


Any time the chip select is HIGH, the entire chip is dis- 
abled. Data cannot be written into the memory and the 


LOGIC SYMBOL 


Am2102 
1024-BIT RAM 


Vec = Pin 10 
GND = Ping 


Am2102 ORDERING INFORMATION 


Ambient iysec 500ns —650ns 
Package Temperature Order Order Order 
Type Range Number Number Number 


Molded DIP O°Cto+70°C P2102 P2102-1 P2102-2 
Hermetic DIP O°Cto+70°C C2102 ©C2102-1 C2102-2 


output will go to a high impedance OFF state. When chip 
select is LOW, the output will drive at least one TTL load 
in both the HIGH and LOW states. During the write opera- 
tion, the data output follows the data input. 


The chip select function and the three-state output make 
the construction of a large array using Am2102 chips very 
easy. Am2102 inputs and outputs can be tied together and 
chips selected by a standard TTL decoder such as the 
Am9321 or Am9301. 


The Am2102 is available in three different cycle time 
selections. The Am2102 operates with a 1ysec minimum 
read or write cycle, the Am2102-1 requires a 500ns min- 
imum read or write cycle, and the Am2102-2 requires a 
650ns minimum read or write cycle. 


BLOCK DIAGRAM 


32 X 32 
CELL ARRAY 


ROW DECODER 


(0 CONTROL 
COLUMN 
DECODER 


As Ag A7 Ag Ag 


CONNECTION DIAGRAM 
Top View 


Ag CE Dout Pin Voc GND - 


Note: Pin 1 is marked for orientation. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature . —65°C to +150°C 
Temperature (Ambient) Under Bias 0°C to +70°C 
Supply Voltage to Ground Potential (Pin 10 to Pin 9) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs -—0.5Vto+7V 
DC Input Voltage ; —0.5V to +7V 


OPERATING RANGE 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
Parameters - Description Test Conditions Min. Typ.(Note 1) Max. . 


Gurpu LOW Voltage Voc = MIN, IoL = 19mA eh Oe] vor | 
‘ Guaranteed input logical HIGH 
Vit input LOW Laval Guaranteed input logical LOW 05 Volts 
. voltage for all inputs 
input Load Gurren Voo=MAX..Vin=OVioS25V | _|_—+i| 70_| A 
Power Supply Current Data out open ° Ta -OCto 270°C 70 mA 
Icc2 Mees WA: olen OS Re a ee 


Vour=40v | SOP CS—~*Y 
- Output Leakage Current VGE = 2.2V EMOUTE SOW. a 


Note 1. Typical timits are at Voc = 5.0V and Ta = 25°C 


CAPACITANCE (Ta = 25°C) 


Parameters Description Test Conditions Min. Units 


Typ. Max. 


Units 


pA 


Am2102 SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS (Ta = o°C to 70°C, Vcc = 5V+5%) 


Load = 1 TTL Gate and 100 pF, Vj, = 0.65V, Vip = 2.2V, ty = te = 20ns 


‘ Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Write Pulse Width 


Write Recovery Time 
Data Set-Up Time 


Am2102-1 SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS (Ta =0°C to 70°C, Vcc = 5V 45%) 


Load = 1 TTL Gate and 100 pF, Vi__ = 0.65V, Viqy = 2.2V, ty = te = 20ns 


: Typ. 
Parameters Description Test Conditions Min, (Note 1) Max. Units 


Data Hold Time 
Chip Enable Hold Time 


Am2102-2 SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS (Ty, =0°C to 70°C, Vcc = 5V+5%) 


Load = 1 TTL Gate and 100 pF, Viz = 0.65V, Vi zy = 2.2V, ty = te = 20ns ao 
ae Typ. _ 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Read Cycle Time 


CE LOW to Output 


with Respect to Address 
with Respect to Chip Select 


Data Hold Time 
Chip Enable Hold Time 


READ CYCLE 


ADDRESS 


CHIP 
ENABLE 


OUTPUT 


WRITE CYCLE 


ADDRESS 


| -k-—___+—___"ew —-| 
CHIP ; 
ENABLE \ TeV f 
eens CaaS msn 
WRITE : 
ENABLE <a, ne 
_ A$$ ow ————_———+}-=—to 


DATA STABLE 


5-19, 


5-20 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 


CE Active LOW chip enable. Data can be read from or written 
into the memory only if CE is LOW. 


WE Active LOW write enable. Data is written into the memory if 
WE is LOW and read from the memory if WE is HIGH. 


Static RAM A random access memory in which data is stored 
in bistable latch circuits, A static memory will store data as long 
as power is supplied to the chip without requiring any special 
clocking or refreshing operations. 


N-Channel An insulated gate field effect transistor technology 
in which the transistor source and drains are made of N-type 
material, and electrons serve as the carriers between the two 
regions, N-Channel transistors exhibit lower thresholds and faster 
switching speeds than P-Channel transistors. 


SWITCHING TERMS 


tac Read Cycle Time. The minimum time required between 
successive address changes while reading. 


ta Access Time. The time delay between application of an 
address and stable data on the output when the chip is enabled. 


tco Access Time from Chip Enable. The minimum time during 


which the chip enable must be LOW prior to reading data on the 
output. 


toH1 Minimum Access Time. Minimum time which will elapse 
between change of address and any change on the data output. 


toH2 Minimum time which will elapse between a change on the 
chip enable and any change on the data output. 


twc Write Cycle Time. The minimum time required between 
successive address changes while writing. 


taw Address Set-Up Time. The minimum time prior to the falling 
edge of the write enable during which the address inputs must be 
correct and stable. 


twp The minimum duration of a LOW level on the write enable 
guaranteed to write data. 


twrR Address Hold Time. The minimum time after the rising edge 
of the write enable during which the address must remain steady. 


tpw Data Set-Up Time. The minimum time that the data input 
must be steady prior to the rising edge of the write enable. 


tp Data Hold Time. The minimum time that the data input 
must remain steady after the rising edge of the write enable. 


tey Chip Enable Time During Write. The minimum duration of a 
LOW level on the Chip Select while the write enable is LOW to 
guarantee writing. 


PHYSICAL DIMENSIONS 
Dual-In-Line 


16-Pin Side Brazed 


ag 


125 =a | 2) lib || 22s L 320 
MIN. .040 .090 6 .290 


DIE SIZE 0.126” X 0.164” 


16-Pin Molded 


ADVANCED 
MICRO 

DEVICES INC. 
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Sunnyvale 
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(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am2805/2806/2807/2808 


512-and 1024-Bit Dynamic Shift Registers 


Distinctive Characteristics 


@ Am2805 Plug-in Replacement Intel 14054 and @ On chip recirculate and chip select controls 


Signetics 2505 @ 100% reliability assurance testing in compliance with 
Am2806 Plug-in Replacement Signetics 2512 MIL-STD-883 . 

Am2807 Plug-in Replacement Signetics 2524 @ TTL and DTL compatible 

Am2808 Plug-in Replacement Signetics 2525 @ Full military temperature range devices available 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


The Am2805 and Am2807 are 512-bit dynamic shift reg- 

isters with recirculate logic on chip. The Am2806 and 

Am2808 are 1024-bit dynamic shift registers which also 

have built-in recirculate logic. When the write input is 

HIGH, data on the data input enters the first bit of the 

register during the $9 clock time. If the write input is i Am2805/6 QUT 
LOW, then the output of the register is written into the se 
first bit instead. Data in the last bit of the register appears 

on the data output during the $1 clock time if the read 

line is HIGH. If the read line is LOW, the output is OFF yi ee 7 
(high impedance state). The outputs of all four devices are pale ed ae pane eb we Pin do 
open drains; they pull the output to Veg when ON and : _ 

exhibit a very high impedance when OFF. An external 

pull-down resistor to ground or Vpp must be used to es- 

tablish the LOW logic level. 

The Am2805 and Am2806 also have two chip select inputs, 

CS; and CSo. If either of these inputs is LOW, the register | 

recirculates and the output remains OFF, regardless of the n-BIT SHCPECCieTcH. 
state of the read and write lines. All inputs except the 

clocks are TTL/DTL compatible. A TTL input may be 

driven by the output if a 3k pull-down resistor to Vpp is 

‘used. The register outputs can be wire-ORed for expansion. Am2807 n = 512 

The devices are guaranteed to operate at speeds up to 3MHz. Am2808 n = 1024 


LOGIC DIAGRAM 


haath IN ABITSHIFT REGISTER OUT 


Am2805/7 n = 512 


LL ___| Am2806/8 n = 1024 
Am2805/6 ONLY 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top View 


Package Temperature 512-Bit 1024-Bit : 
Type Range Order Number Order Number Am2805/6 Am2807/8 


10-Pin TO-100 O°C to +70°C = AM2805HC or 1405A ~AM2806HC 
10-Pin TO-100 °C:55*"AM2805HM AM2806HM 


Dice ten, y» AM2805XX AM2806XX 
8-Pin Molded DIP Oe te 3, © ~~ AM2807PC AM2808PC 
Dice rye a AM2807XX AM2808X X 


: ” ee 


{Note: The dice supplied will contain units which meet both 0°C to 
+70 C and—-55 C to +125 C temperature ranges. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 
Temperature (Ambient) Under Bias 
DC Input Voltage with Respect to Vcc 


—65°C to +150°C 
—55°C to +125°C 
—20V to +0.3V 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Vpop = -5V +5%, Voc = 5.0V +5% 


Am280XXM Typ =-55°Cto+125°C 
Am280XXC Ta =0°Cto+70°C 
Parameters Description Test Conditions Min. Typ.(Note 1) Max Units 


Output HIGH Voltage 
(Notes 2 & 3) 


lon = 1.6mA, (Ry. = 5.6k2) 
lon = 2.6mA, (Rr = 3k) 
Vo oy -5.5V, V1 = Vo2 =-12V 


Guaranteed input logical HIGH voltage 
for all inputs except clocks 


Output Leakage Current 


Input HIGH Level 


Guaranteed input logical LOW voltage 
for all inputs except clocks 


Vin =-5.5V, Ta = 25°C 
Vo =-12V, Ta = 25°C 


ii Input LOW Level 


Input Leakage Current 


Clock Input Leakage Current 
Clock HIGH Level 
Clock LOW Level 


f = 1MHz, Ta = 25°C 
Output Open 
VpDD =-5.5V, tot = 150ns 


Power Supply Current (Note 4) 


Notes: 1, Typical Limits are at Voc = 5.0V, Vpp = —5.0V, 25°C Ambient and maximum loading. 
2. Variations in Vcc will be tracked directly by Voy and input thresholds. 
3. The output is open drain and the logic LOW level must be defined by an external pull-down resistor. 
compatibility. 
4. The power supply current flows only while one clock is LOW. Average power is therefore directly proportional to clock duty cycle (ratio of 
clock LOW time to total clock period.) See curves next page. 


A 3k resistor to Vpp provides TTL 


SWITCHING CHARACTERISTICS (Ta = 0°C to +70°C, Vcc = +5.0 VV 5%, Vop = —5.0V +5%, Vg_ = -11V) 


Parameters Definition Test Conditions Min. Typ.(Note1) Max. Units 
[ewe fe] [1 
fmax Clock and Data Rate Range - 5 MHz 
Am280XXM -55°C to +125°C Es eae ee 
— Delay Between clocks fs | (Nowe | ons | 
abe Clock LOW Time 0.070; [Notes | us| 
tr, tf Clock Rise and Fall Times 10% to 90% eee a ee ee ee 
t,(D) _ Set-up Time, Data Input (see definitions) ty = te = 5Ons | 150 | 
ty(D) Hold Time, Data Input (see definitions) ty = te = 50ns 0 ns 


| Ss Ti Read, Wri d Recircu! 
et-up Time, Read, Write and Recirculate a 
ts(C) | Controls (see definitions} fect 20ns 135 | ome | 


| Sener eee ee el ae | 
0°C to +70°C 

tod Delay, Clock to Data Out R =HIGH “56°C to H2E°C 7 Slee 15 

Cin, Cour | Capacitance, Any Input and Output (Note 6) f= 1MHz, Vin = Vcc 


Clock Input Capacitance (Note 6} 


f=1MHz, Vin=Vecc 


= Sa, 
cr 
Pamesooe | [| 


Notes: 5. The maximum delay between clocks ($1 and $2 both HIGH) is a function of junction temperature. The junction temperature is a function of 
ambient temperature and clock duty cycle. See curves for minimum frequency on page 3. 
6. This parameter is periodically sampled but not 100% tested. It is guaranteed by design. 
7. For some reason known only to God and Intel, the convention for $1 and $2 for this device are reversed from the normal. $4 is the output clock 
and $9 is the input clock. 
5-22 8, 100pusec or 50% duty cycle, whichever is less. 


DEFINITION OF TERMS 


Dynamic Shift Register A shift register in which data storage 
occurs on small capacitive nodes rather than in bistable logic 
circuits. Dynamic shift registers must be clocked continuously 
to maintain the charge stored on the nodes. 

$1. 2 The two clock pulses applied to the register. The clock is 
ON when it is at its negative voltage level and OFF when it is at 
Vss or Vec. Data is accepted into the master of each bit during 
$2 and is transferred to the slave of each bit during $4. 

fmax The maximum frequency at which the register will operate. 
This is the data rate through the register and also the frequency 
of each clock signal. 

tgq Clock delay time. The time elapsing between the LOW-to- 
HIGH transition of one clock input and the HIGH-to-LOW tran- 
sition of the other clock input. During tod both clocks are HIGH 
and all data is stored on capacitive nodes. 

tépw Clock pulse width. The LOW time of each clock signal. 
During topw one of the clocks is ON, and data transfer between 
master and slave or slave and master occurs. 


tr, tf Clock rise and fall times. The time required for the clock 
signals to change from 10% to 90% of the total level change 
occuring. 


t;(D) Data set-up time. The time prior to the LOW-to-HIGH 
transition of ¢2 during which the data on the data input must be 
steady to be correctly written into the memory. 


th(D) Data hold time. The time following the LOW-to-HIGH 
transition of @2 during which the data must be steady. To 
correctly write data into the register, the data must be applied by 
ts(D) before this transition and must not be changed until th(D) 
after this transition. 


ts(C), th(C) The set-up and hold times for the Read, Write, and 
Chip Select controls, relative to the LOW-to-HIGH transition of 
the appropriate clock phase. 


tpd The delay from the start of a read cycle to correct data 
present at the register output. A read cycle is begun when $4 is 
LOW AND Read is HIGH. 


SWITCHING WAVEFORMS 


' ha K) OHO AXA AXAXAKAXAXDA WAN 
\r" KKK Mi NX EO. AVX YX 


DEN “AORN TE 
a 


OPERATING CHARACTERISTICS 


Minimum Operating Data Rate 
or Maximum Clock Pulse Delay Maximum Clock High Time Propagation Delay 
Versus Temperature Versus Clock Duty Cycle Versus Ambient Temperature 


Voc = +4.75V 


DATA RATE — Hz 


CLOCK HIGH TIME — SEC. 


Vpp = —5V OR 
VBb = —9V 


Paameee 
EL | | ees | 


0 10 20 30 40 50 60 70 80 90 100 


10 2025 40 50 60 
ia CLOCK DUTY CYCLE tod —ns 


AMBIENT TEMPERATURE — °C 


Am2806/8 Am2805/7 
Ipp Current ] Current 
Versus Clock Duty Cycle Versus Clock Duty Cycle VOH Versus IOH 


ce rs 


mey4e 
|| | MAIN T, hee 
ney 4ane 


001 .0006 0 
001 .003.01.03 1 .3 1 3 10 30 100 ,001.003.01.03 .1 .3 1 3 10 30 100 f 0 -6.0 -80 
CLOCK DUTY CYCLE — % CLOCK DUTY CYCLE — % Von (NEGATIVE WITH RESPECT TO Vcc) ~ VOLTS 


SCHEMATIC DIAGRAM 


BITS 2-1022 BIT 1023 


Voo $4 Vop $2 Yoo 44 Vop $2 Vop 91 Vop 


Vpp %1 Yop 


: No CS inputs on Am2807/8 
= Yeo 


APPLICATIONS 


Multiplexed 2048-Bit Recirculating Register 
fmax = 6MHz 


R 


Am2808 
1024 BIT SHIFT REGISTER OUT 


m2808 
1024.BIT SHIFT REGISTER 


O1. 92 


TTL CLOCK 


Am0026 
CLOCK 
DRIVERS 


DUAL ONE-SHOT 


PHYSICAL DIMENSIONS 


TO-100 Low Molded Mini-DiP. £% 


Aza | ae 


O18 


Metallization and Pad Layout Metalization and Pad Layout 


Am2805/7 Am2806/8 
106 x 78 Mils 106 x 131 Mils 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am1402A/1403A/1404A 
Am2802/2803/2804 


1024-Bit Dynamic Shift Registers 


Distinctive Characteristics 


Quad 256-bit, dual 512-bit, single 1024-bit 


10 MHz frequency operation guaranteed for Am2802, 
Am2803 and Am2804. 
Low power dissipation of 0.1 mW/bit at 1 MHz 


DTL and TTL compatible 


¢ Both military and commercial grade devices available 
¢ 100% reliability assurance testing in compliance with 


MIL-STD-883. 


e Electrically tested and optically inspected die for the 


assemblers of hybrid products 


FUNCTIONAL DESCRIPTION . 


The Am1402A, 3A, and 4A are 1024-bit silicon gate dynamic 
shift registers. The low threshold characteristics of this tech- 
nology. allow high-speed operation and DTL and TTL com- 
patibility. The Am1402A is a quad 256-bit device; the 
Am1403A is a dual 512-bit register; and the Am1404A is a 


single 1024-bit register. All! three devices require two-phase 
non-overlapping clocks, and provide a one-bit shift on each 
clock pulse. The Am2802, 3, and 4 registers are functionally 
identical to the Am1402A, 3A, and 4A, but are guaranteed to 
operate over frequencies from 400 Hz to 10MHz. 


BLOCK DIAGRAMS 


Am1402A/1403A/1404A Shift Registers 


3 7 


ia pies 


Am1404A/Am2804 


aoe eee 


%2 
256 BITS 


co $2 
D, 256 BITS 


$y og 
256 BITS 


$2 
256 BITS’ 


Am1402A/Am2802 


ORDERING INFORMATION 


DATA INPUT 


Functional Equivalent of Each Register 


: i. ears 4,6. 


po nars BITS 


OUTPUT 


meas BITS 


BITS,1, 3, 5.. 7s MASTER aa 
S =SLAVE ENABLE 


4 $2 
SP a Td 4 [ 
eae aie =< ok 


Since the two registers shift on opposite clock pulses, a new 
data bit is entered on both $4 and $9. Data entering the 
register on o4 will appear at the output on $4 (from the 
negative edge of ¢4 to the negative edge of 9). 


CONNECTION DIAGRAMS 
Top View 


Part 
Number 


Package 
Type 


Temperature 
Range 


Standard 
Speed Range 


Order Number 


Extended 
Speed Range 
Order Number 


Am1402A/ 
2802 


Hermetic DIP 
Hermetic DIP 
Molded DIP 


O°C to +70°C 


—55°C to +125°C 


0°C to +70°C 


AM1402A 
AM1402ADM 
AM1402APC 


AM2802DC 
AM2802DM 
AM2802PC 


Am1403A/ 
2802 


TO-99 
TO-99 
Molded DIP 


O°C to +70°C 


—55°C to +125°C 


0°C to +70°C 


AM1403A 


_AM1403AHM 


AM1403APC 


AM2803HC 
AM2803HM 
AM2803PC _ 


AM1404A/ 
2804 


TO-99 
TO-99 
Molded DIP 


O°C to +70°C 


—55°C to +125°C 


O°C to +70°C 


AM1404A 
AM1404AHM 
AM1404APC 


AM2804HC 
AM2804HM 
AM2804PC 


Am1402A/Am2802 
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MAXIMUM RATINGS (Above which the useful life may be Impaired) 


Storage Temperature —65°C to +160°C 
Temperature Under Bias —55°C to +125°C 
Power Dissipation (Note 1) 600 mW 
Data and Clock Input Voltages with respect to most Positive Supply Voltage, Voc 0.3 V to —20 V 


Power Supply Voltage, Vpp with respect to Voc 0.3 V to —20 V 


OPERATING RANGE 


Part Number Vec Vopb Temperature Range 
Am1402A, Am1403A, Am1404A 5V +5% -4.75V to -9.45V 0°C to +70°C 
Am1402ADM, Am1403AHM, Am1404AHM 5V +5% ~4,75V to -9.45V -55°C to +125°C 
Am2802DC, Am2803HC, Am2804HC BV +5% -5V 45% 0°C to +70°C 
Am2802DM, Am2803HM, Am2804HM 5V +5% -5V 45% -55°C to +125 C 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


; Am1402A, 3A, 4A Am2802, 3, 4 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


Output HIGH Voltage Driving TTL ae Denes 
Vec-1.9 Voc~1 
(Note 2) (Note 2) 

Ri = 4.7k to Vpp. 

Vpp = -9V 5% 

Ru =6.2k to Vpp, 3.9k to Voc 

Vpp = -9V 25% 

Vpp = -5V 45%, 


Ry, =3k to Vop. lo 


RL = 4.7k to Vpp 
Vop = -9V +5%, lo, =-1.6mA | | 


YOu= <2" 23% Vec-12.6 
: 5 MHz Data Rate Ta = 25°C 

Vpp Current, Vpp =-SV +5% 33% Duty Cycle Ta= o°c 
Vpp Current, Vpp = -5V +5% z 

10MHz Data Rate | TA=25 C 

40% Duty Cycle Ta =0°C 

Vel = Voc-17 Ta = -55°C 

3MHz Data Rate | TA = 25°C a 


!pp (-9) 5 
Vpp Current, Vpp = -9V #5% 26% Duty Cycle Ta=oc 


(Note 1) 


Output HIGH Voltage Driving TTL 


Output HIGH Voltage Driving MOS 


L=-1.6m/ 


(Note 1) 


SWITCHING CHARACTERISTICS AND OPERATING CONDITIONS (Over Operating Range) 

Vpop = —5 V 5% 
(Test Load 1) 

Min. Typ. 


Am1402A/Am1403A/Am1404A 


Description 


Clock Frequency Range 


Parameter 


Clock Pulse Width 
Clock Pulse Delay (Note 2) 
Clock Pulse Rise/Fall Time 


Data Set Up Time 


30 

Data Hold Time tp = te <50ns 20 
10 

4 


Input Capacitance 


Test Conditions 


Vop = —9 V 5% 
(Test Load 2) 


Max. Min. Typ. Max. Units 


@ 1 MHz, 250 mVPP 


0 


Clock Capacitance @ 1 MHz, 250 mVPP 


110 1 


SWITCHING CHARACTERISTICS AND OPERATING CONDITIONS (Over Operating Range) 


Clock Pulse Width = 7Onsec 
Clock LOW Level = (Vc¢-15) 


Am2802/Am2803/Am2804 


Description 


Clock Frequency Range 


Parameter , 


Data Repetition Rate (Note 1) 


Data Set Up Time 


Clock to Data Out Delay 


Notes: 

See minimum operating frequency graph for low limits on data rep. rate. 
Upper fimit on tod is determined by minimum frequency. 

See max clock pulse delay graph for guarantee. 


PWN> 


Shift Registers.’’ 


DESCRIPTION OF TERMS 


OPERATIONAL TERMS 

Voy Minimum logic HIGH output voltage with output HIGH current 
loy flowing out of output. 

Vo, Maximum logic LOW output voltage with output LOW current 
lo, into junction of output and load resistor. 

Vin Logic HIGH input voltage. 


Vii Logic LOW input voltage. 
Vo, Clock LOW input voltage. 
Vox Clock HIGH input voltage. 


!, Input leakage current. 
I, Output leakage current. 
lbp Power supply current. 


Ci, Input capacitance. 
C¢é Input clock capacitance. 
Cour Output capacitance. 


FUNCTIONAL TERMS 


$1 $2 The two clock phases required by the dynamic shift register. 
f, The clock frequency of the shift register. 
f, The input data repetition rate. 


Test Conditions M 


Vop = —5 V 45% 
(Test Load 1) 


Typ. Max. 


in. 
(Note 1) 5.0 (Note 4) MHz 


SWITCHING TERMS 

tg, The delay between the LOW to HIGH transition of a clock 
phase to the HIGH to LOW transition of the other clock phase. 
tgpy The clock pulse widths necessary for correct operation. 

t, t, The clock pulse rise and fall times necessary for correct op- 
eration. 

t, The time required for the input data to be present prior to the 
LOW to HIGH transition of the clock phase to ensure correct op- 
eration. 

t, The time required for the input data to remain present after the 
LOW to HIGH transition of the clock phase to ensure correct op- 
eration. 

tay The propagation delay from the HIGH to LOW clock phase ¢, 
transition to the output LOW to HIGH transition. 

ba The propagation delay from the HIGH to LOW clock phase ¢, 
transition to the output HIGH to LOW transition. 


For additional information on 10MHz operation (5MHz clock rate) see AMD application note dated July 1973 on ‘‘Applications of Dynamic 
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SWITCHING WAVEFORMS 


Clock Rise Time 10 ns 
Clock Fall Time 10 ns 
Output Load 1 TTL Load 


Test Load 1 Test Load 2 


CTOTAL = 10pF CTOTAL = 10pF 


Vpp = -5V + 5% VpD = -9V + 5% 


CIRCUIT NIAGRAM 


\ Yoo 441 

I 

| 

I 

| 

| 

I 

| 

| 

| 

| 

| 

| 

| 

{IN 4 

| 

! 

| BIT 1 

ae eae 

| Yop 42 

! 

| 

| 

| 

1 

I 

! 

( 

( 

| 

| 

\ 

| 

| BITn= 

| 512/Am1403A 

: 256/Am1402A i 
| BIT 2 1024/Am1404A | | 
! Vee Vec | OUTPUT STAGE y 
Dg es a a Se a a a Nl a eck | 
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POWER CHARACTERISTICS 


Minimum Operating Data Rate 
or Maximum Clock Pulse Delay 
Versus Temperature 
(For Smatl Duty Cycles) ; lOH Versus VOW 


Vcc = +4.75 
Vpp = —4.75 
Vite = —10.25 


Vpp = -5V OR 
VbDb = -9V 


DATA RATE — Hz 
MAXIMUM CLOCK PULSE DELAY tgp — SEC 


10 202530 40 50 60 1 0-1-2 -3-4 -5 -6 
AMBIENT TEMPERATURE — °C VOH 


Typical Range of tod+ 
Versus Temperature 


Fr 
eee 


IDp Versus Clock Duty Cycle 


Ven = 44.75 Yt T/A Ver = +5.25 
co= +4. MT AIL Voc = #8: 
Vop= —-4.6 | | Vop = -9.45 
Vinc = +3.75 y 

Vitec = -9.75 
FREQ. = 1MHz 


Tgp = 70ns } Yt u CTT Vec = 45.25 


tit Vpp = 5.25 
Pat N [hsrel lt | vin 


Lt ys om | = 
HH Vite = -11.75 


ZF 
[EMBs e a 


25°C -65 —-15 25 
TEMPERATURE — °C PERCENT DUTY CYCLE 
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APPLICATIONS 


256-Bit Delay 
Write Recirculate Logic 


Bd 
ee c 
3 8 
2 gw 
= id 
Boe op 
ba NOD N 
DATA IN 2 32 
- ts . 
8 “SN 
2 N 
2 
s 3 
w 


s 


DATA OUT 
WRITE/RECIRCULATE ALL RESISTORS ARE 3kQ 


DTL/TTL To MOS To DTL/TTL Interface 


Vcc 


R, Load Resistor Values 
for Different V,, Supplies 


Veo=5V Voge =5V 
Vpp = —5V Vy>p>=—9V 


3.0 k 4.7k 
4.7k 6.2 k 


R Not . 
3 required 


Vcc 
Am1402A/3A/4A, 
IN OUT 


Vcc 
Am1402A/3A/4A 
IN OUT 


OTL/TTL $1 $2 VoD 


3.9 k 


PHYSICAL DIMENSIONS 


Dual-In-Line 


CLSEATING 9 
mm, Nag PLANE 
yu wy 

ah a 8 LEADS 
0.019 
oo16 O* 


1402A/2802 1403A/2803 1404A/2804 
PIN SIGNAL | PIN SIGNAL | PIN SIGNAL 

1 

2 

3 
4 ADVANCED 
> MICRO 
s DEVICES INC. 
8 901 Thompson Place 
9 Sunnyvale 
10 California 94086 
11 (408) 732-2400 
12 6 7 TWX: 910-339-9280 
DIE SIZE .109” X .131” TELEX: 34-6306 
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Am2809 


Dual 128-Bit Static Shift Register 


Distinctive Characteristics 


@ Second source to Signetics 2521V. @ 100% reliability assurance testing in compliance with 
@ TTL compatible on clock and data inputs. MIL-STD-883. 
® Operation guaranteed from DC-to-2.5MHz. @ Low capacitance on clock and data inputs. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am2809 is a dual 128-bit static shift register built using 

P-channel silicon gate MOS technology. The two registers have a 

common clock input which is low-threshold TTL compatible. The 

registers also have built-in recirculate feedback. When the recircu- 

late contro! (RC) is LOW, the data on the data output of each 

register is fed back to the corresponding register input. When RC Ae 

is HIGH, each register accepts data from the data input. Each of 

the register outputs can drive one standard TTL load or three Sanne 
Am93 L series low-power unit loads. SHIFT REGISTER 
Data in the Am2809 is shifted on the LOW-to-HIGH edge of the 

input clock. Data on the data inputs must remain steady for a 

set-up time before and a hold time after this clock transition. Since 

storage in the register is static, the register may be halted indefi- 

nitely with the clock in the HIGH state. 


LOGIC BLOCK DIAGRAM 


128-BIT 
STATIC SHIFT REGISTER OUT 


128-BIT 


STATIC SHIFT REGISTER OUT 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 
Am2809HC ; 
Am2809HM Am2809PC 


Package Temperature Order 
Type Range Number 
Molded DIP 0°C to +70°C AM2809PC 
TO-5 O°C to +70°C AM2809HC 
TO-5 —55°C to +125°C AM2809HM 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
DC Input Voltage with Respect to Veg —20V to +0.3V 


OPERATING RANGE 
Part Number Ambient Temperature Vcc VGG 


Am2809HM —55°C to +125°C 5.0V +5% —12V +5% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Output HIGH Voltage Vec = MIN., Ioy = -0.1mA 
Output LOW Voltage Vec = MIN., lol = 1.6mA 
Hie 


voltage for all inputs 

voltage for all inputs 
Ti [raw tow corer’ | Voc=MAX..Vin=0 _Ta=25e | 
tin [Input HIGH Current [Vcc =MAX., Vin = 24V, Ta= 25°C _ | 
f = 2.5MHz 
Power Supply Current Vcc = MAX. 


Note: 1. Typical Limits are at V = 5,0V, 25°C ambient and maximum loading. 
cc 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


Am2809PC 
Am2809HC Am2809HM 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


Clock Frequency Range 


9 Hold Time, Recirculate Control 
(RC) : 
(see definitions) 
Delay, Clock to Data Out 
Capacitance, Any Input (Note 2) f=1MHz,Vin=Vecc 


5-34 Note: 2. This parameter is periodically sampled but not 100% tested. It is guaranteed by design. 


Set-up Time, Recirculate Control 
(see definitions) 


TIMING DIAGRAM 


t(D) MAX mm) 


ae 
\V/ XX XX KKK) / \KXX XXX 
ROCK | DBR 


XXX 


RK 


OUTPUT 
ov 


WRITING NEW DATA 


VY VY\V/V/V/ 2 /\/\/ 
XR YY 


nanenenanan 


YK 


tod MAX 


tf 


tf MIN < ty < tp MAX 
t; MIN <t, <t, MAX 


TREE EN 


ERK KX 


th(RC) MAX 


XX 


KAXRX 


YY AY’ 


XX 


en 
RECIRCULATING 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMH TOL 


WAVEFORM INPUTS OUTPUTS 


WILL BE 
CHANGING 
FROM L TOH 


MAY CHANGE 
FROMLTOH 


OON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CHARACTERISTIC CURVES 


Typical Power-Supply 
Currents Versus Frequency 


| 


, 


eS 
= ~ 
Bie eer i 


IGg CURRENT — mA 


1k 10k 100k 1M 10M 
CLOCK FREQUENCY — Hz 


DEFINITION OF TERMS 


STATIC SHIFT REGISTER A shift register that is capable of 
maintaining stored data without being continuously clocked. 
Most static shift registers are constructed with dynamic master 
and static slave flip-flops. The data is stored dynamically while 
the clock is LOW and is transferred to the static slaves while the 
clock is HIGH. The clock may be stopped indefinitely in the 
HIGH state, but there are limitations on the time it may reside 
in the LOW state. 


Typical Propagation Delay 
Versus Ambient Temperature 
200 


PROPAGATION DELAY — ns 


Vss = +5.0V 
Veg = —12.0V 


00 
-§5 -35-15 5 25 45 65 85 105125 
AMBIENT TEMPERATURE — °C 


1 


SET-UP and HOLD TIMES The shift register will accept the data: 
that is present on its input around the time the clock goes from 
LOW-to-HIGH. Because of variations in individual devices, there 
is some uncertainty as to exactly when, relative to this clock 
transition, the data will be stored. The set-up and hold times 
define the limits on this uncertainty. To guarantee storing the 
correct data, the data inputs should not be changed between 
the maximum set-up time before the clock transition and the 
maximum hold time after the clock transition. Data changes 
within this interval may or may not be detected. 


APPLICATIONS 


L = LOAD ADDRESS 


CET 
CPiap Qo 
6 


Am2809 Am2809 Am2809 Am2809 
DUAL 128-B1T QUAL 128-BIT DUAL 128-B1T DUAL 128-BIT 
SHIFT SHIFT HFT HIFT 
REGISTER REGISTER REGISTER REGISTER 


Am93L22 


2p 


Am93L16 
Py 
Py PQ 
Am93L16 


Q; Q2 


128-Word x 8-Bit Pseudo-Random Access Memory 


Data stored in the four dual 128-bit shift registers can be accessed randomly by ‘comparing the desired address with the 
address currently available at the shift register 1/O. A pair of Am93L16 low-power counters keeps track of data addresses 
as the data circulates around the memory. Other Am93L16 counters are used as 4-bit registers with enables by grounding: 
the count enables. They are used to store the requested address, the new data to be written into the memory, and the data 
read from the memory. The Am93L24 comparators switch the memories from the recirculate mode to the write mode to 
enter new data in a write operation. Similarly, the output storage registers are enabled when the Am93L24s indicate 
comparison in a read operation. 


PACKAGE OUTLINES Metallization and Pad Layout 
Molded DIP OUTB 
6 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am2810°-Am1002P-Am1002L 


Dual 128-Bit Static Shift Register 


Distinctive Characteristics 


@ 2nd Source to Mostek 1002P and 1002L. @ 100% reliability assurance testing in compliance with 
MIL-STD-883. 
@ Built-in pull-up resistors. ® Operation guaranteed from DC to 2MHz. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


The Am2810/Am1002P is a dual 128-bit static shift register built 1002L 
using P-channel silicon gate MOS technology. The two registers each 
have a two-input multiplexer on their inputs, so that input data may 
be selected from one of two sources. Each register has a separate 
clock input, and operates with a low-voltage TTL clock signal. The 
registers shift on the LOW-to-HIGH edge of the clock signal. Data at 
the inputs must be steady for a set-up time before and a hold time 
after this clock transition. Since data storage is static, the clock may 
be halted indefinitely in the HIGH state. The outputs of each register 
can drive one TTL load or three Am93L low-power TTL loads. 

The two-input multiplexer on the input of each register is con- 
trolled by the RC (recirculate control) input. When RC is LOW, 1B) : 

data is accepted on the Rjp input; when RC is HIGH, data is ac- Vsg = Pins 5 and 6 
cepted on the Djn input. The inputs to the registers have built-in Vop = Pin3 
pull-up resistors to provide total TTL compatibility. The VRa pin 

controls the pull-up resistors for register A Djn and RC inputs. The 

Vrs pin controls the pull-up resistors for the register B Djn and RC 

inputs. The VRo¢ pin controls the resistor on the clock input to 

both registers. When the resistor contro! pins are tied to VGG 

(—12V), the resistors are enabled and pull the inputs they affect up 

to Vsgg. When the resistor control pins are tied to Vsg the resistors AE 

are all very high impedance and the inputs they affect all exhibit ba ae DIN 128SITSHIFT REGISTER ouT 
normal MOS characteristics. The Rjp inputs are intended to be the (a) (8) 

recirculate inputs from an MOS output and these inputs do not have bed 

pull-up resistors associated with them. ; 

The Am1002L is the same device in a 10-lead TO-100 can with no VRA~ an a6 Veg Pin 7 
recirculate controls and with all pull-up resistors disabled except VB = Pin 1 Vop*= Pin 6 
those on the clock pin. Vro= eae Veg rt 


Am100: 
DIN 128-BITSHIFT REGISTER OUT 
(A) 


ce 


VGG=Pin7 


RC 


Am2810/Am1002 
128-B1T OUT 
SHIFT REGISTER 


Note: On Am1002L: 
VR internally tied to Vgg 


Ving internally tied to Vag TO OTHER REGISTER 
RC internally tied to Vss CP INPUT 


ORDERING INFORMATION CONNECTION DIAGRAMS 


1002P/ 

Am2810 1002L 

Package Temperature | Order Order 
Type Range Number Number 


Hermetic DIP O°C to +75°C Am2810DC MK1002P 
Hermetic DIP ~55°C to +125°C Am2810DM 


TO-100 O°C to +75°C MK1002L Vg (Note) 


Notes: Pin 1 is marked for orientation. 
Pins 5 and 6 on 1002L are tied together internally, 
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MAXIMUM RATING (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vpp Supply Voltage Vgs —10V to Vgg +0.3V 
Vac Supply Voltage Vsg —20V to Vg +0.3V 
DC Input Voltage . Vsg —10V to Veg +0.3V 


OPERATING RANGE 


Part Number 


Vss VGG 


TA Vob 
Am2810XC 
Am1002P O°C to +75°C 5.0V +5% Ov —12.0V +5% 
Am1002L 
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


VOH Output HIGH Voltage OH = —100uA 
VOL Output LOW Voltage lot = 1.6mMA 
Guaranteed input logical HIGH 
ViH Input HIGH Level voltage for all inputs 
: Guaranteed input logical LOW 
Vit Input LOW Level voltage for all inputs 
Ne Resistors Disabled Vss = MAX., Vin = OV 
(Note 2) Input LOW Current VRA = VRB = VrRo¢ = Vss 


Typ (a) ” Resistors Enabled Vss = MAX., Vin = 0.4V, Am2810/Am1002P only 
(Note 2) Input LOW Current VRA = Vr\ep = VRo = VGG 


Input LOW Current 
Ii() Clock Input 1002L only 


NH Input HIGH Current VRA = VRB = VrRo = VIN = Vss 


feist 


Notes: 1. Typical Limits are at Vss = 5.0V, VEG =—12V, 25°C ambient and maximum loading. 
2. On chip pull-up resistors are provided for the clock and data inputs; they are enabled when the appropriate Vr input is at -12V. When the Vp 
inputs are at Vss- the resistors are disabled and the inputs exhibit norma! MOS characteristics ye and liyy), the recirculate data inputs have no 
pull-up resistors and always exhibit MOS characteristics. All pull-up resistors are disabled on the Am1002L except the one on the clock. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Am1002P/ 
Am2810 Am1002L 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


Maximum Clock Frequency 
Clock HIGH Time 


Clock LOW Time 
Clock Rise and Fall Times 


Set-up Time, D or R Inputs ee = 
(see definitions) ty = t¢ = 50ns, VR 12V 
Hold Time, D or R Inputs 
=te= Vpa=— 
ee cennitions! : : — 2 ee mE 


200 
fiers) _[ ee 
(Note 4) 450 


foes | 
es 
ras 


Notes: 3. This parameter is periodically sampled but not 100% tested. It is guaranteed by design. 
4, At any temperature, tod min. is always much greater than t,(D) max. 


TIMING DIAGRAM 


t(D) ee sd 


KKK KKK WX) 
OY an POY 


ERT 


Coe \/ YX 
QL 


ts(RC) MAX 


AYR | 


XKKAXKKA? 


ov 


WRITING NEW DATA 


Typical Power-Supply Currents 
Versus Frequency 


ns 


y 


RAY 


KAKO KY) 


th(RC) MAX 


%) 


4, [M/A 


tog MAX 


— RR" SC RXKXX 
DOE oo NUNN 


YYVY XXX XX COOC" 
MY PROX 


L\ 


Typical Propagation Delay 
Versus Ambient Temperature ayrcan ee as.0v 


CURRENT — mA 


PROPAGATION DELAY — 


1 
1k 10k © 100k 1M 10M 
CLOCK FREQUENCY — Hz 


DEFINITION OF TERMS 


STATIC SHIFT REGISTER A shift register that is capable of © 


maintaining stored data without being continuously clocked. 
Most static.shift registers are constructed with dynamic master 
and static slave flip-flops. The data is stored dynamically while 
the clock is LOW and is transferred to the static slaves while the 
clock is HIGH. The clock may be stopped indefinitely in the 
HIGH state, but there are limitations on the time it may reside 
in the LOW state. 


tt 


te MIN < te <t¢ MAX 
tp MIN <t, < tp MAX 


10% 10% 


KKK KX VW, XXX KKK XK XX XX XX XX V/ 
RK KKK 


KY IRON 
XO | DRA 


t,(RC) MAX-w| 


WV, 


KKXKKKAKN AV AVA AN 


RECIRCULATING 


TEST CIRCUIT 


INPUT 


RL = 2.9k 


= 
RC 
Rin 
Am2810 
DIN 128-BITSHIFT REGISTER OUT 
(AOR B} 
cP 


Cy = 20pF 
(INCLUDING SCOPE 
AND JIG} 


100 O 
-55 -35-15 5 25 45 65 85 105 125 CLOCK 
AMBIENT TEMPERATURE ~ °C 


PULSE 


SET-UP and HOLD TIMES The shift register will accept the data 
that is present.on its input around the time the clock goes from 
LOW-to-HIGH. Because of variations in individual devices, there 
is some uncertainty as to exactly when, relative to this clock 
transition, the data will be stored. The set-up and hold times 
define the limits on this uncertainty. To guarantee storing the 


‘correct data, the data inputs should not be changed between 


the maximum set-up time before the clock transition and the 
maximum hold time after the clock transition. Data changes 
within this interval may or may riot be detected. 5-39 


APPLICATIONS 


WRITE 


ENABLE VRa = -12V 
A Vr * SV 
1 Vag 7 -12V 
Am9301 
1 OF 10 DECODER 
01234567892 


Vra = —12V 
Vp * Vro = 45V 


Vra = -12V 
Veg = Vag = t5V 


Am2810 
DIN 128-BIT SHIFT REGISTER 
(8) 


cp 


READ ENABLE 


sf lo 14 !2 I3 14 Is lg Iz 


$1 Am9312 
8-INPUT MULTIPLEXER 
82 z 2 


DATA OUT 


Eight Register 256-Bit Memory System 


Data enters one of the eight 256-bit registers when the write enable input to the decoder is LOW. The addressed register 
will accept the data on the data input; the other seven registers will recirculate their data. Outputs are driven directly into 
an Am9312 8-input multiplexer. Obviously, the read and write registers need not be the same. Note that the Vag input 
is connected to VGG on only one device; the pull-up resistor on this device will pull the line up for all the devices. The 
Vrp inputs are all connected to Vgg, since only MOS compatibility is needed.’ The VRa inputs are all connected to VGG 
because each recirculate input needs a separate pull-up. This also increases the loading on the data input. 


PHYSICAL DIMENSIONS : TRUTH TABLE 
Side Brazed Dual-{n-Line 


Diy — Data Entered 


ep SEATING “T 
& -PLANE 


-500 MIN, 


alll 04. 


H = HIGH Voltage fevel 
L = LOW Voltage Level 
X = Don't Care 


Am2810 Metallization and Pad Layout 
86 x95 MILS_ 


ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 
California 94086 
l- on = : (408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Am2812 /Am2812A -Am2813/Am2813A 


32 x 8- Bit and 32 x 9 - Bit First-in First-out Memories 


Distinctive Characteristics 


@ Completely independent read and write operations 


@ “Half-full’’ flag 


FUNCTIONAL DESCRIPTION 


The Am2812 and Am2813 are 32 word by 8-bit and 9-bit 
first-in first-out memories, respectively. Both devices have com- 
pletely independent read and write controls and have three- 
state outputs controlled by an output enable pin (OE). Data 
on the data inputs (Dj) are written into the memory by a pulse 
on load (PL). The data word automatically ripples through 
the memory until it reaches the output or another data word. 
Data is read from the memory by applying a shift out pulse 
on PD. This dumps the word on the outputs (Qj) and the next 
word in the buffer moves to the output. An output ready sig- 
nal (OR) indicates that data is available at the output and also 
provides a memory empty signal. An input ready (IR) signal 
indicates that the device is ready to accept data and also pro- 
vides a memory full signal. Both the Am2812 and Am2813 
have master reset inputs which clear all data from the device 
(reset to all LOWs), and a FLAG signal which goes HIGH when 
the memory contains more than 15 words. 


The Am2812 can perform input and output data transfer on a 
bit-serial basis as well as on 8-bit parallel words. The input 

’ buffer is in reality an 8-bit shift register which can be loaded in 
Parallel by the PL command or can be loaded serially through 
the Dg input by using the SL clock. When 8 bits have been 
shifted into the input buffer serially, the 8-bit word auto- 
matically moves in parallel through the memory. The output 
includes a built-in parallel-to-serial converter, so that data can 
be shifted out of the Q7 output by using the SD clock. After 
8 clock pulses a new 8-bit word appears at the outputs. 


The timing and function of the four control signals, PL, IR, PD, 
and OR, are designed so that two FIFOs can be placed end to 
end, with OR of the first driving PL of the second and !R of the 
second driving PD of the first. With this simple interconnection, 
strings of FIFOs can control each other reliably to make a 
FIFO array any number of words deep. 


ORDERING INFORMATION 


Am2812 
Order 
Number 


AM2812DC 
AM2812DM 
AM2812ADC 
AM2812ADM 


Am2813 
Order 
Number 


AM2813DC 


AM28130M 
AM2813ADC 


Package 
Type 


Temperature 
Range 


O’Cto+70C 
—55°C to +125°C 
O°C to +70°C 
—55°C to +125°C 


Frequency 


500K Hz 

500KHz 
1MHz2z 
1MHz 


Hermetic DIP 
Hermetic DiP 
Hermetic DIP 
Hermetic DIP 


AM2813ADM 


© Am2812 has serial or parallel input and output 
. @ Data rates up to 1 MHz 


LOGIC SYMBOLS 


Am2812 
8 X 32 FIFO 


Vgs = Pin 24 
Vpp = Pin 16 
VG6G =Pin2 ; 


Am2813 
9 X 32 FIFO 


Vss = Pin 24 
Vpp = Pin 16 
Ve6Gc = Pin2 


CONNECTION DIAGRAMS 
Top Views 


Am2812 


Q4 


‘Am2813. 


Dy Dg D7 FLAG PL 


4 
MR 


Note: Pin 1 is marked for orientation. 


Q2 O5 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150° 
Temperature (Ambient) Under Bias ~  —55°C to +125° 
Vop Supply Voltage Vss —7V to Vgs +0.3' 
Vec Supply Voltage Vsg —20V to Vsg +0.3' 
DC Input Voltage ; Vsg —10V to Ves +0.3' 


OPERATING RANGE 


Part Number Ambient Temperature 


VGG 


| Yoo | vec | 
O’C to +70°C 5.0V +5% —12V +5% 

—55°C to +125°C 5.0V +5% ov —12V 45% 
Am2813DM, Am2813ADM 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


tnpur HIGH Leet 10] 


Input Leakage Current Vin = OV 
| in Input HIGH Current VIN = Vss —1.0V 
See 3 Vsg = MIN. 
Input Pull-up Initiation Voltage (Note 2) 


Maximum Input Current (Note 2) 


Ta = 0°C to +70°C 
Ge Caneat | TASO°Cto+70°C 
Ta = 58°C to +125°C 
Ta = 0°C to +70°C 
Gane | Ta=orCto+70°C 


Notes: 1. Typical limits are at Vgg = 5.0V, Vgg = -12.0V, Ta > 25°C 
2. Pull up circuit on Am2813 only, See graph of input V-!I- characteristics. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


Am2812 Am2812A 
Am2813 Am2813A 
Parameters Conditions/Note Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


te, | Maximum Parallel Load or Dump Frequency 


tiR+ Delay, PL or SL HIGH to JR In-Active 


Delay, PL or SL LOW to IR Active ee 


tpwH(P) Minimum PL or PD HIGH Time 
.  towL(P) Minimum PL or PD LOW Time 
Minimum SL or SD HIGH Time Am2812 only 


| tpwHis) | Minimum SL or SD LOW Time Am2812 only 
th(D) Data Hold Time fis 


D -Up Time 
oo 
Ripple through Time FIFO Empty 
| toH | Delay, OR LOW to Data Out Changing PD = LOW 
Delay, Data Outto OR HIGH - PD = HIGH 
Minimum Reset Pulse Width Eee 
[te0___| Delay, OE HIGH to Output Active a 
to a 


Delay from PL or SL HIGH to Flag HIGH 
or PD or SD HIGH to Flag LOW 
Per | tepur capacitance CSSCCSC* 


Notes: 3. 1R is active HIGH on Am2813 and active LOW on Am2812. ¢ 
4, Minimum and maximum delays generally occur at opposite temperature extremes. Devices at approximately the same temperature will have 
compatible switching characteristics and will drive each other, : 


LOGIC BLOCK DIAGRAM 


8 OR 9-BIT 
REGISTER 
ie) 


8 OR 9-BIT 
REGISTER 
1 


STROBE 


CONTROL 
LOGIC 


DESCRIPTION OF THE Am2812 and Am2813 FIFO 
OPERATION 


The Am2812 and Am2813 FIFOs consist internally of 32 data 
registers and one 32-bit control register, as shown in the logic 
block diagram. A ‘1 in a bit of the control register indicates 
that a data word is stored in the corresponding data register. A 
“O" in a bit of the control register indicates that the corre- 
sponding data register does not contain valid data. The control 
register directs the movement of data through the data registers. 
Whenever the nth bit of the control register contains a 1” and 
the (n+1)th bit contains a ‘0’, then a strobe is, generated causing 
the (n+1)th data register to read the contents of the nth data 
register, simultaneously setting the (n+1)th control register bit 
and clearing the nth control register bit, so that the control 
flag moves with the data. In this fashion data in the data register 
moves down the stack of data registers toward the output as long 
as there are “empty” locations ahead of it. The fall through 
Operation stops when the data reaches a register n with a “1” in 
the (n+1)th control register bit, or the end of the register. 


Data is initially loaded from the data inputs by applying a 
LOW-to-HIGH transition on the parallel load (PL) input. A “1’’ is 
placed in the first control register bit simultaneously. The first 
control register bit is returned buffered, to the input ready (IR) 
output, and this pin goes inactive indicating that data has been 
entered into the first data register and the input is now “busy”, 
unable to accept more data. When PL next goes LOW, the fall- 
through process begins (assuming that at Jeast the second location 
is empty). The data in the first register is copied into the second, 
and the first contro! register bit is cleared. This causes 1R to go 
active, indicating the inputs are available for another data word. 


The data falling through the register stacks up at the output end. 
At the output the last control register bit is buffered and brought 
out as Output Ready (OR). A HIGH on OR indicates there is a 
1" in the last control register bit and therefore there is valid data 


_active HIGH and does dump the last word written into the 


8ORQBIT 
REGISTER 
30 


8 OR 9-BIT 
REGISTER 


STROBE 


CONTROL 
LOGIC 


on the data outputs. A parallel dump command is used to 
shift the data word out of the FIFO. A LOW-to-HIGH transition 
on PD clears the last register bit, causing OR to go LOW, indica- 
ting that the data on the outputs may no longer be valid. When 
PD goes LOW, the “0” which is now present at the last control 
register bit allows the data in the next to the last register to move 
into the last register position and on to the outputs. The “‘0” in 
the control register then ‘‘bubbles’”’ back toward the input as the 
data shifts. toward the output. 


If the memory is emptied by reading out all the data, then when 
the fast word is being read out and PD goes HIGH, OR will go 
LOW as before, but when PD next goes LOW, there is no data 
to move into the last location, so OR remains LOW until more 
data arrives at the output. Similarly, when the memory is full 
data written into the first location will not shift into the second 
when PL goes LOW, and IR will remain inactive instead of return- 
ing to an active state. 


The pairs of input and output control signals are designed so that 
the PD input of one FIFO can be driven by the IR output of 
another, and the OR output of the first FIFO can drive the PL 
input of the second, allowing simple expansion of the FIFO to 
any depth. Wider buffers are formed by allowing parallel rows of 
FIFOs to operate together, as shown in the application on the 
last page. : 


Because the input ready signal is active LOW on the Am2812 a 
peculiarity occurs when several devices are placed end-to-end. 
When the second unit of two Am2812’s fills up, the data out of 
the first is not dumped immediately. That is, no shift out 
command occurs, so that the data last written into the second 
device remains on the output of the first until an empty location 
bubbles up from the output. The net effect is that n Am2812s 
connected end-to-end store 31n+1 words (instead of 32n). The 
Am2813 stores 32n words:in this configuration, because |R is 


second device. 
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Am2812 TIMING DIAGRAM 


PLOR SL 


INTERNAL 
STROBE 


(HIGH IF 


om WVV VAVAVAVAVAVAVAVAVAVAY, 
XK XXX 
Am2812 INPUT TIMING 


When data is steady PL is brought HIGH (1) causing internal data strobe to be generated (2). When data 
has been loaded, IR goes HIGH (3) and data may be changed (4). IR remains HIGH until PL is brought 


LOW (5); then IR goes LOW (6) indicating new data may be entered. 


PD OR SD 


Am2812 OUTPUT TIMING 


When data out is steady (1), OR goes HIGH (2}. When PD goes HIGH (3), OR goes LOW (4). When PD goes 
- LOW again (5), the output data changes (6) and OR returns HIGH (7). 


The input and output timing diagrams above illustrate the sequence of control on the Am2812. Note that 
PL. matches OR and IR matches PD in time, as though the signals were driving each other. The Am2813 
pattern is similiar, but 1R is active HIGH instead of active LOW (shown in timing diagram on next page). 


~ FLAG OUTPUT 


A flag output is available on the Am2812 and Am2813 to indi- 
cate whether the FIFO is more or less than half full. The flag 
signal is generated by summing the ‘’1s’’ in the control flip- 
- flops, and therefore is not affected by the movement of data 
through the register. The flag signal goes HIGH when the 13th, 
14th, 15th, or 16th word is loaded into the FIFO. It will re- 
main HIGH until there are less than 15+1/—2 words in the 
memory. It is always HIGH if there are more than 16 words 
in the FIFO, 


RESET 


An over-riding master reset (MR) is used to clear all control 
register bits and set all the outputs LOW. 


SERIAL INPUT AND OUTPUT (Am2812 ONLY) 


The Am2812 also has the ability to read or write serial bit 
streams, rather than 8-bit words. The device then works like 


5-44 a 256 by 1-bit FIFO. A serial data stream can be loaded into 


the device by using the serial load input and applying data to 
Do input. Inputs Dy—D7 must be grounded. The SL signal 
operates just like the PL input, causing IR to go HIGH and 
LOW as the bits are entered. The data is simply shifted across 
the 8-bit input register until 8 bits have been entered; the 8 
bits then fall through the register as though they had been 
loaded in parallel. Following the 8th SL pulse, IR will remain 
inactive if the FIFO is full. 


A corresponding operation occurs on the output, with clock 
pulses on SD causing successive bits of data to appear on the 
Q7 output. OR moves HIGH and LOW with SD exactly as 
it does with PD. When 8 bits have been shifted out, the next 
word appears at the output. If a PD command is applied 
after the 8 bits on the outputs have been partially shifted out, 
the remainder of the word is dumped and a new 8-bit word is 
brought to the output. OR will stay LOW if the FIFO is empty. 


When the serial input or output clock is used, the correspond- 
ing parallel control line should be grounded and when the PD 
or PL controls are used the corresponding serial clocks should 
be grounded. 


TIMING DIAGRAM 


AT LEAST tow H 


PL or SL 


INPUT READY 
(IR) 


DATA IN 


Note: !R inverted on Am2812. 


AT LEAST toyH AT LEAST towl 


PD or SD 


OUTPUT READY 
(OR) 


DATA OUT 


USER NOTES KEY TO TIMING DIAGRAM 


1. When the memory is empty the last word read will remain on 
the outputs until the master reset is strobed or a new data 
word falls through to the output. However, OR will remain 


LOW, indicating data at the output is not valid. . eae Ll 


WAVEFORM _ INPUTS OUTPUTS 


. When the output data changes as a result of a pulse on PD, the 
OR signal always goes LOW before there is any change in 
output data and always stays LOW until after the new data 
has appeared on the outputs, so anytime OR is HIGH, there 
is good, stable data on the outputs. 

WILL BE 


. If PD is held HIGH while the memory is empty and a word LTT HRSStS85 csanscine 
rs S . . <i FROMLTOH 
is written into the input, then that word will fall through the 
memory to the output. OR will go HIGH for one internal 
cycle (at least top+) and then will go back LOW again. The JRO att ouance raat 
stored word will remain on the outputs. If more words are PERMITTED = UNKNOWN 
written into the FIFO, they will line up behind the first word 
and will not appear on the outputs until PD has been brought 
LOW. 


. When the master reset is brought LOW, the control register 
and the outputs are cleared. 1R goes HIGH and OR goes LOW. Pull-up Characteristic Input 
If PLis HIGH when the master reset goes HIGH then the data Current Versus Input Voltage 
on the inputs will be written into the memory and IR will 
return to the LOW state until PL is brought LOW. If PL is 
LOW when the master reset is ended, then TR will go HIGH 
but the data on the inputs will not enter the memory until 
PLgoes HIGH. 


. The output enable pin inhibits dump commands while it is 
LOW and forces the O outputs to a high impedance state. 

. The serial load and dump lines should not be used for intercon- 
necting two FIFOs, Use the parallel interconnection instead. 

. If less than eight bits have been shifted in using the serial load 
command, a parallel load pulse will destroy the data in the 
partially filled input register. (Vgg—ViN) — INPUT VOLTAGE — VOLTS 


WILL BE 
CHANGING 
FROMHTOL FROMH TOL 


MAY CHANGE 


30 #40 50 60 


tPULL-Up — INPUT PULL-UP CURRENT — mA 


APPLICATIONS 


Am2812 Am2812 Am2812 Am2812 Am2812 
8 X 32 FIFO 8 X32 FIFO 8X32 FIFO 8X32 FIFO 8X32 FIFO 


FLAG FLAG FLAG FLAG FLAG 


flo ‘1 l2 Ig tg Ss Ig ly 
Am93L18 


8-INPUT PRIORITY 
ENCODER 


Ag Ar A2 
FULLNESS CODE 
Fo Fy Fo Words Stored 
0-15 
13 - 47 
45 - 78 
76 - 109 
107 - 140 
138-171 
169 - 202 
200 - 233 
231 - 249 — 


al 


ZC [er cl coycrly coy 
LjpLTiTITji TCO cle 
ITjyTlTiryeryzcy cy cye 
po oe le ee 0 ee 0 


The Fullness Flags from Am2812 or Am2813 FIFOs can be encoded by an Am93L18 8-input priority 
encoder. The output code Fo-F2 indicates the weight of the highest priority input which is LOW. GS is 
group signal; it is HIGH if all the inputs are HIGH. 


Metallization and Pad Layouts ; 
Am2812 Am2813 


0102 03 on 
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Am3114/Am2814 


Dual 128-Bit Static Shift Register 


Distinctive Characteristics @ 100% reliability assurance testing in compliance with 


@ 2nd Source to Texas Instruments 3114 MI L-STD-883 
© Operation guaranteed from DC to 2MHz @ Full military grade devices available 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am3114 is a dual 128-bit static shift register built using 

P-channel silicon gate MOS technology. The two registers 

each have a two-input multiplexer on their inputs, so that 

‘input data may be selected from one of two sources. Both 

registers have acommon clock input, and operate with a low- Am3114 

voltage TTL clock signal. The registers shift on the LOW-to- Lee ond. 
HIGH edge of the clock signal. Data at the inputs must be 
steady for a set-up time before and a hold time after this 
clock transition. Since data storage is static, the clock may 
be halted indefinitely in the HIGH state. The outputs of each 
register can drive one TTL load or three Am93L low-power 
TTL loads. 


The two-input multiplexer on the input of each register is 
controlled by the RC (recirculate control) input. When RC is 
LOW, data is accepted on the Djn input; when RC is HIGH, 
data is accepted on the Rjn input. The Am2814 is func- 
tionally identical to the Am3114, but is specified with 
higher performance, 


AC 


Am3114 
128-BIT SHIFT REGISTER OUT 
{A) 


Vss =Pin 7 
Vop=Pin 6 
VGG= Pin 11 


LOGIC BLOCK DIAGRAM (One Register Shown) 


& a 
ww DIN 128-BIT 
6 =) SHIFT REGISTER 


cP 


TO OTHER REGISTER 
CP INPUT 


ORDERING INFORMATION CONNECTION DIAGRAM 


NC 


Am3114 Am2814 
Package Temperature Order Order 
Type Range Number Number 


Molded DIP —25°C to+85°C  =9=TMS3114NC AM2814PC 
Hermetic DIP = —25°C to +85°C ~=—) TMS3114JC += AM2814DC 
Hermetic DIP = —55°C to +125°C AM2814DM BE Man RIN REO OD: ss ONE 


Notes: 1. Pin 1 is marked for orientation. 
2. NC = No Connection. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vop Supply Voltage Vss —10V to Vgg +0.3V 
VGG Supply Voltage Vsg —20V to Vgg +0.3V 
DC Input Voltage > . Vsg —15V to Vss +0.3V 


OPERATING RANGE 


Part Number Ta Vss Voc Vop 
Am2814PC, DC ; i : 
Am31140c,Nc | 722 Ctot88°C | 5.0V25% | —11V to —13V 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 


; Typ. 
Parameters Description Test Conditions Min. (Note1) Max. Units 


Output HIGH Voltage lOH = —200KA 
Output LOW Voltage {OL = 1.6mA 


Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Vie Input LOW Level Guaranteed input logical LOW 
. voltage for all inputs 


Input LOW Current Vss = MAX., Vin = 0.6V 


Vgg Power Supply Current ah hi Outputs Open 
__Tamasraxn [a 
i ee 


VGG Power Supply Current Inputs and Outputs Open 
f= 1MHz 


Note 1. Typical Limits are at Vgg = 5.0V, Vgg = —12V, 25°C ambient and maximum loading. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Am3114 Am2814 
Parameters Description Test Conditions Min. .-Typ. Max. Min. . Typ. Max. Units 


Stings: > | Maximum Clock Frequency 
| topwH | Clock HIGH Time 

Clock LOW Time 

Clock Rise and Fall Times 


| 
(see definitions) 
SRG [Setup Time, RC Input Ge detnionel | 
— 
| tp | Delay, Clock to Output LOW or HIGH 


Output Rise and Fall Times 10% to 90% 
| Cin | Capacitance, Any Input (Note 3) = 1MHz, Vin = Vsg 


Notes: 3. This parameter is periodically sampled but not 100% tested. It is guaranteed by design. 
4. At any temperature, tod min. is always much greater than t,(D) max. 


TIMING DIAGRAM 


t¢pwl ——_—_—_» 


5 35 
06 06 
t(D) MAX |<» —=| thi) MAX 


3 
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RECIRCULATING 


Typical Power-Supply Currents 
Versus Frequency 


Se 
15 HH 25" ef Ht tt Iss 


KX 
x 


XRXKAXRYRXRYRYK 


() 
KKXKKAKN AAA 


th(RC) MAX 


Wit / XX 


[\/VE\ 


Wy x 


tog MAX 


xy 


\X XK NK 
PRK. DRX 


Typical Propagation Delay 
Versus Ambient Temperature 


11 F Vgg = +5.0V 


10 F Vpp = OV 


: | 
eh Ct TE TT 
src 

dS 0 2 


CURRENT — mA 


PROPAGATION DELAY — ns 


CLOCK FREQUENCY — Hz 


AMBIENT TEMPERATURE — °C 


DEFINITION OF TERMS 


STATIC SHIFT REGISTER A shift register that is capable of 
maintaining stored data without being continuously clocked. 
Most static,shift registers are constructed with dynamic master 
and static slave flip-flops. The data is stored dynamically while 
the clock is LOW and is transferred to the static slaves while the 
clock is HIGH. The clock may be stopped indefinitely in the 
HIGH state, but theré are limitations on the time it may reside 
in the LOW state. 


10 
-55 -35-15 5 25 45 65 85 105125 


te MIN <tp<t¢ MAX 
t, MIN <t, <tp MAX 


KKK KKK KKK RK KKLKK KK 
Wanaraelalalarataralanererlanenaen 


XXXKK/ AXXXXYX 
CRRA || RRR 


sth(D) MAX 


t,(RC}) MAX |<———e 


XX) 
RAL 


th(RC) MAX 


(KKK Y \/ 
ww PRRXXRY 


WRITING NEW DATA | 


TEST CIRCUIT 


INPUT 
PATT: 


RL =2.7k 
© 
RC : 
RIN ‘ 
Am3114 
DIN 128-BITSHIFT REGISTER OUT 
{AORB) - 
cp CL = 20pF 
(INCLUDING SCOPE 
AND JIG) 


SET-UP and HOLD TIMES The shift register will accept the data 
that is present_on its input around the time the clock goes from 
LOW-to-HIGH. Because of variations in individual devices, there 
is some uncertainty as to exactly when, relative to this clock 
transition, the data will be stored. The set-up and hold times 
define the limits on this uncertainty. To guarantee storing the 


O 
CLOCK 
PULSE 


‘correct data, the data inputs should not be changed between 


the maximum set-up time before the clock transition and the 
maximum hold time after the clock transition. Data changes 
within this interval may or may riot be detected. 


APPLICATIONS 


WRITE 
ENABLE : Rc 


Ay 


Am3114 
128-BIT SHIFT REGISTER QUT 
{B) 


Am9301 
1-OF-10 DECODER 
0123456789 


AC 


Am3114 
128-BIT SHIFT REGISTER 
(B) 


RC 


Am3114 
128-BIT SHIFT REGISTER 
(8) 


READ ENABLE 


sf '0 1 l2 13 4 Is Ig 7 
$} Amg312 
8-INPUT MULTIPLEXER 
82 z 2 


DATA OUT 


Eight Register 256-Bit Memory System 


Data enters one of the eight 256-bit registers when the write enable input to the decoder is LOW. The addressed register 
will accept the data on the data input; the other seven registers will recirculate their data. Outputs are driven directly into 
an Am9312 8-input multiplexer. Obviously, the read and write registers need not be the same. Pull-up resistors are required 
on all register inputs driven from TTL. 


TRUTH TABLE 


H = HIGH Voltage level 
L = LOW Voltage Level 
X = Don't Care 


PHYSICAL DIMENSIONS RV NA 
Dual-In-Line 


Side Brazed 


.760 


ADVANCED 

MICRO 

& DEVICES INC. 

om feel 901 Thompson Place 
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ee ot California 94086 
} L ‘009 (408) 732-2400 
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Am3341/2841 


64 x 4 Bits First-In First-Out Memories 


Distinctive Characteristics 

@ “Plug In” replacement for Fairchild 3341 

@ Asynchronous buffer for up to 64 four-bit words 
@ Easily expandable to larger buffers 


@ Am2841 has 1MHz guaranteed data rate 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883 
® Special input circuit provides true TTL compatibility 


Hermetic DIP 


FUNCTIONAL DESCRIPTION 


The Am3341/Am2841 is an asynchronous first-in first-out memory 
stack, organized as 64 four-bit words. The device accepts a four-bit 
parallel word Dg—Dg under control of the shift in (SI) input. Data 
entered into the FIFO immediately ripples through the device to 
the outputs Qo—Q3. Up to 64 words may be entered before any 
words are read from the memory. The stored words line up at the 
output end in the order in which they were written. A read 
command on the shift out input (SO) causes the next to the last 
word of data to move to the output and all data shifts one place 
down the stack. Input ready (IR) and output ready (OR) signals 
act as memory full and memory empty flags and also provide the 
necessary pulses for interconnecting FIFOs to obtain deeper stacks. 


Parallel expansion to wider words only requires that rows of FIFOs 
be placed side by side. 


Reading and writing operations are completely independent, so the 
device can be used as a buffer between two digital machines oper- 
ating asynchronously and at widely differing clock rates. Special 
input circuits are provided on all inputs to pull the input signals up 
to an MOS Vjyy when a TTL Voy is reached, providing true TTL 
compatibility without the inconvenience and extra power drain of 
external pull-up resistors. A detailed description of the operation is 
on pages 4 and 5 of this data sheet. The Am2841 is functionally 
identical to the Am3341, but is a higher performance device. 


LOGIC BLOCK DIAGRAM 


4-BIT 
REGISTER 
0 


4-BIT 
REGISTER 
1 


STROBE STROBE 


CONTROL 
LOGIC 


ORDERING INFORMATION 


Am3341 Am2841 


Package Temperature 
Type Range 


Am2841DC 
, 2 Am2841DM 
=, M3341XX Am2841XX 


O°C to +75°C © 
Hermetic DIP + —55°C to +125: 
Dice Nate: 


The dice supplied will contain units which meet both 
0°C to +75°C and —55°C to +125°C temperature ranges. 


CONNECTION DIAGRAM 


Pin 1 is marked for orientation. 


4BIT 4-BIT 
REGISTER REGISTER 
62 63 


STROBE 


CONTROL 
LOGIC 


_ LOGIC SYMBOL 
Top View 


Am3341/Am2841 
FIFO 


Vsgs = Pin 16 
VG6Gc=Pin1 
Vpp = GND =Pin8 
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MAXIMUM RATING (Above which the useful life may be impaired) 


Storage Temperature 
Temperature (Ambient) Under Bias 


—65°C to +150°C 


—55°C to +125°C 


Vop Supply Voltage Vss —7V to Vsg +0.3V 
Vssg —20V to Vss +0.3V 


Vssg —10V to Vss +0.3V 


Veg Supply Voltage 
DC Input Voltage 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am2841XM Ta = —55°C to +125°C 
Ta=0Ct0+70°C 
Vsg = 5.0V 45%  Vpp=0V 


Description 


Output HIGH Voltage 


Output LOW Voltage 
Input HIGH Level 


Input LOW Level 


Am3341XC, Am2841XC 
VGG = —12V £5% 
Parameters 


Typ. 


Conditions (Note 1) Max. 


IoH = .300mA 


loL = 1.6mA 


Input Leakage Current Vin =O0V 


VIN = Vss —1.0V 


Input HIGH Current 


(Note 2) 


Input Pull-up Initiation Voltage 


Voltage at Peak Input Current (Note 2) 


IBAR Maximum Input Current (Note 2) 
Ta = 0°C to +70°C es 


SSS C to +125°C 


| Ta 88°C to+125°C | = Tae 0 170"e to +125°C 


VGG Current 


1. Typicat limits are at Vgg = 5.0V, Vag = —12.0V, Ta = 25°C 
2. See graph of input V-I characteristics. 


Notes: 


Switching Characteristics 


Am3341 Am2841 
Parameters Definition Test Conditions Min. Typ. Max. Min. Typ. Max Units 
tins Delay, SI HIGH to IR LOW 70 | 250 | 550 | 50 400 | ons | 
tiR— Delay, S] LOW to IR HIGH 138 275 550 100 550 
tove Minimum Time SI and {Rf both HIGH i — 
aus Minimum Time SI and IR both LOW | | 10 
tps) Data Release Time 
isp I Data Set-up Time 25 | 
tor+ Delay, SO HIGH to OR LOW 90 250 
ton- _—'|_ Delay, SO LOW to OR HIGH 170 | 350 
ter Ripple through Time FIFO Empty | 10 
toy Delay, OR LOW to Data Out SO = LOW 75 
tani Minimum Reset Pulse Width a | 400 
toa Delay, Data Out to OR HIGH SO = HIGH 0 30 
cl Input Capacitance (Except MR) 
Cur Input Capacitance MR 


5-52 Note: Switching times over the entire temperature range are such that two devices at approximately the same ambient temperature can drive each other. 


Pull-up Characteristic Input 
Current Versus Input Voltage 
~2.5 


20 30 40 50 60 
(Vgg-Vin) — INPUT VOLTAGE — VOLTS 
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DESCRIPTION OF THE Am3341 FIFO OPERATION 


The Am3341 FIFO consists internally of 64 four-bit data registers 
and one 64-bit control register, as shown in the logic block 
diagram. A “1” ina bit of the control register indicates that a 
four-bit data word is stored in the corresponding data register. A 
“0” in a bit of the control register indicates that the corre- 
sponding data register does not contain valid data. The control 
register directs the movement of data through the data registers. 
Whenever the nth bit of the control register contains a “1 and 
the (n+1)th bit contains a ‘’0’’, then a strobe is generated causing 
the (nt+1)th data register to read the contents of the nth data 
register, simultaneously setting the (n+1)th contro! register 
bit and clearing the nth control register bit, so that the control 
flag moves with the data. In this fashion data in the data register 
moves down the stack of data registers toward the output as long 
as there are ‘‘empty”’ locations ahead of it. The fall through oper- 
ation stops when the data reaches a register n with a ‘’1” in the 
{n+1)th control register bit, or the end of the register. 


Data is initially loaded from the four data inputs Do—D3 by 
applying a LOW-to-HIGH transition on the shift in (SI) input. 
A "1" is placed in the first control register bit simultaneously. 
The first contro! register bit is returned, buffered, to the input 
ready (IR) output, and this pin goes LOW indicating that data has 
been entered into the first data register and the input is now 
“busy”, unable to accept more data. When S! next goes LOW, 
the fall-through process begins (assuming that at least the second 
location is empty). The data in the first register is copied into 
the second, and the first control register bit is cleared. This 
causes IR to go HIGH, indicating the inputs are available for 
another data word. : 


The data falling through the register stacks up at the output end. 
At the output the last control register bit is buffered and brought 
out as Output Ready (OR). A HIGH on OR indicates there is a 
“1"" in the last control register bit and therefore there is valid 
data on the four data outputs QgQ—Q3. An input signal, shift out 
(SO), is used to shift the data out of the FIFO. A LOW-to-HIGH 
transition on SO clears the tast register bit, causing OR to go 
LOW, indicating that the data on the outputs may no longer be 
valid. When SO goes LOW, the “0” which is now present at the 
last control register bit allows the data in the next to the last 
register to move into the last register position and on to the 
outputs. The “0” in the control register then ‘‘bubbles’ back 
toward the input as the data shifts toward the output. 


If the memory is emptied by reading out all the data, then when 
the last word is being read out and SO goes HIGH, OR will go 
LOW as before, but when SO next goes LOW, there is no data 
to move into the last location, so OR remains LOW until more 
data arrives at the output. Similarly, when the memory is full 
data written into the first location will not shift into the second 
when SI goes LOW, and IR will remain LOW instead of returning 
to a HIGH state. 


The pairs of input and output control signals are designed so that 
the SO input of one FIFO can be driven by the IR output of 
another, and the OR output of the first FIFO can drive the S! 
input of the second, allowing simple expansion of the FIFO to 
any depth. Wider buffers are formed by allowing parallel rows of 
FIFOs to operate together, as shown in the application on the 
last page.- 


An over-riding master reset (MR) is used to reset all control 
register bits and remove the data from the output. 


si 


tHe ee 


foTofofofot + [i]: ] 
KA AKAS 


INITIAL CONDITION Word “‘C” written in same manner, and so on. When buffer is full, 
FIFO empty, SI] LOW IR HIGH, word “A” on inputs. all control bits are 1’s and IR stays LOW. 


’ so 
— 


$i t so LH 


LH ae 


OR 


FIRST READ OPERATION 
Write input into first stage by raising SI. (A = delay) 1R goes LOW SO goes HIGH, indicating “Ready to Read’. OR then goes LOW 
indicating data has been entered. indicating “Data Read”. 


4 H-t 4, HL 
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IR 
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Release data into FIFO by lowering SI. After delay, data moves to When SO goes LOW, the ’0” in the last control bit bubbles toward 


second location, and IR goes HIGH indicating input available for the memory input. OR goes HIGH as the new word arrives at the 
new data word. output. IR goes HIGH when ‘’0” reaches input. 
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Data spontaneously ripple through registers to end of FIFO, causing Read word “’B” out, word “C”' moves to output, and so on 


OR to go HIGH. The time required for data to fall completely 
: RaA 
, I] 
$l 


through the FIFO is the “Ripple-through Time”. 
5 
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" Read word “H". OR stays LOW because FIFO is empty. Word 
Word “B” written into FIFO “H" remains in output until new word falls through. 


Kom L paves ree 


AL-@H im OR 


SI goes LOW allowing word B”’ to fall through. 
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TIMING DIAGRAM 


->-—AT LEAST Toy_ 


SHIFT IN 
St} 


INPUT READY 
{IR) 


= 


SHIFT OUT 
(SO) 


MAX. 
MIN. 


OUTPUT READY \ tor 
(OR) 1.5V tort+ 
MAX. 
tbH 


DATA OUT 
(Qg-03) 


MIN. 


USER NOTES 


1. When the memory is empty the last word read will remain on 
the outputs until the master reset is strobed or a new data 
word falls through to the output. However, OR will remain 
LOW, indicating data at the output is not valid. 


. When the output data changes as a result of a pulse on SO, the 
OR signal always goes LOW before there is any change in 
output data and always stays LOW until after the new data 
has appeared on the outputs, so anytime OR is HIGH, there 
is good, stable data on the outputs. 


. If SO is held HIGH while the memory is empty and a word 
is written into the input, then that word will fall through the 
memory to the output. OR will go HIGH for one internal 
cycle (at least toR+) and then will go back. LOW again. The 
stored word will remain on the outputs. If more words are 
written into the FIFO, they will line up behind the first word 
and will not appear on the outputs until SO has been brought 
LOW. 


. When the master reset is brought LOW, the control register 
and the outputs are cleared. IR goes HIGH and OR goes LOW. 
1f SI is HIGH when the master reset goes HIGH then the data 
on the inputs will be written into the memory and IR will 
return to the LOW state until SI is brought LOW. If SI is 
LOW when the master reset is ended, then IR will go HIGH, 
but the data on the inputs will not enter the memory until! 
SI goes HIGH. 


APPLICATIONS 


D: 
Am3341/Am2841 Am3341/Am2841 2 Am3341/Am2841 
4X64 FIFO 4X 64 FIFO 4X G64 FIFO 


Am3341/Am2841 Am3341/Am2841 Am3341/Am2841 
4X64 FIFO 4X 64 FIFO 4X 64 FIFO 


OUTPUT READY 


The composite input ready indicates both devices are ready to receive data. The shift in pulse must be 
wide enough for all devices to load data under worst case conditions. 


8 X 192 FIFO Buffer Using Am3341/Am2841 


PHYSICAL DIMENSIONS Metallization and Pad Layout 
Dual-In-Line 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am4055/5055 * Am4056/5056 - Am4057/5057 


Quad 128-Bit, Dual 256 -Bit and Single 512-Bit Static Shift Registers 


Distinctive Characteristics @ Operation guaranteed from DC to 2.2MHz 
@ Internal recirculate @ 100% reliability assurance testing in compliance with 
® Single TTL compatible clock MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


These devices are a family of static P-channel MOS shift 1 
registers in three configurations. The Am4055/5055 is a 
quad 128-bit register; the Am4056/5056 is a dual 256-bit RC 
register; and the Am4057/5057 is a single 512-bit register. Am4058/5055 : 
: A i . : QUAD 128-8IT Vsg = Pin 8 
All three devices include on chip recirculate. The registers SHIFT REGISTER Vop = Pin 16 
are all clocked by a single low-level clock input. Be- Veg = Pin 10 
cause the registers are static, the clock may be stopped . 
indefinitely in the LOW state without loss of data. Each of 
the registers has a single data input; data on the input is 
written into the register on the HIGH-to-LOW clock edge. wrameetesee 
A single recirculate control (RC) on each chip determines SPURL O81 
whether the registers on that chip are to write data in from 
the data inputs or recirculate the data appearing on the 
output. If RC is LOW, new data is written in; if RC is HIGH 
then the data on the output will be written back into the 


register input on the next clock pulse. AC 


m4057/5057 ; 
512-BIT SHIFT REGISTER OUT Vss 7 Pin 4 
Voo -Pin8 


Vo6G ™PinG 


LOGIC BLOCK DIAGRAM 
(One Register Shown) 


Ps nBIT STATIC 
ie SHIFT REGISTER out 


cp 


Am4055/5055 n= 128 
Am4056/5056 n= 256 


TO OTHER z 
REGISTERS Am4057/5057 n= 512 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Am4055/5055 Am4056/5056 


Package Temperature Order 
Type Range Number 
16-Pin Molded DIP 0°C to +70°C MMS5055N 
16-Pin Hermetic DIP 0°C to +70°C MMS5055D 
16-Pin Hermetic DIP —55°C to +125°C MM4055D 


TO-100 Can 0°C to +70°C MMS5056H 
TO-100 Can —55°C to +125°C MM4056H 


8-Pin Molded DIP 0°C to +70°C MM5057N 
8-Pin Hermetic DIP 0°C to +70°C MM5057D 
8-Pin Hermetic DIP —55°C to +125°C MM4057D 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +160°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vop Supply Voltage Vss —10V to Vss +0.3V 
Voc Supply Voltage Vssg —20V to Vsg +0.3V 
DC Input Voltage Vss —20V to Vsg +0.3V 
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OPERATING RANGE 


Part Number Ambient Temperature Vss Vopb Vv 


GG 
Am4055 
Am4056 —55°C to +428° 5.0V +5% Ov —12V +5% 
Am4057 
Am5055 
Am5056 0°C to +70°C 5.0V +5% OV —12V +5% 
Am5057 ‘ 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. —— Units 


Output HIGH Voltage 1IOH = —0.5mA 
Output LOW Voltage lot =1.6mA 


Input HIGH Level Guaranteed input logical HIGH voltage 
for all inputs 

Input LOW Level Guaranteed input logical LOW voltage 
for all inputs 


Vpp Power Supply Current Ta =25°C, 
topwH = 160 ns 


Data = 1010... 


Vv Power Supply Current 
GG Le output open 


Vin =-10.0V, all other pins GND, 
hie Input Leakage Current a 
Ta=25C 


Note: 1. Typical Limits are at Vgg = 5.0V, Vag = —12V, 25°C ambient and maximum loading. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
Parameters Description Test Conditions Min. Typ. Max. Units 


* | Clock Frequency 
Clock HIGH Time 
Clock LOW Time 
Clock Rise and Fall Times 


Notes: 2. This parameter is periodically sampted but not 100% tested. It is guaranteed by design. 
3. At any temperature, tpg min. is always much greater than t,(D) max. 
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KEY TO TIMING DIAGRAM 
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RECIRCULATING 


PERFORMANCE CURVES 


Typical Data Output 
HIGH Current 
Versus Data Output Voltage 


Typical Propagation Delay 
Versus Ambient Temperature 


Versus Frequency 
: p 200 


DON'T CARE; CHANGING; 
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ANY CHANGE 
PERMITTED 


STATE 
UNKNOWN 


CURRENT—mA 


DEFINITION OF TERMS 


STATIC SHIFT REGISTER A shift register that is capable of 
maintaining stored data without being continuously clocked. 
Most static shift registers are constructed with dynamic master 
and static slave flip-flops. The data is stored dynamically while 
the clock is HIGH and is transferred to the static slaves while the 
clock is LOW. The clock may be stopped indefinitely in the LOW 
state, but there are limitations on the time it may reside in 
the HIGH state. 


Me i ese” 
Vpo* 
PU ET TT “35 


PROPAGATION DELAY -— ns 


Vss = +5.0V 
Vop = OV 


ov 
-12.0V 


00 
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AMBIENT TEMPERATURE — °C 


10k 100k 1M 


CLOCK FREQUENCY—Hz 


SET-UP and HOLD TIMES The shift register will accept the data 
that is present on its input around the time the clock goes from 
HIGH-to-LOW. Because of variations in individual devices, there 
is some uncertainty as to exactly when, relative to this clock 
transition, the data will be stored. The set-up and hold times 
define the timits on this uncertainty. To guarantee storing the 
correct data, the data inputs should not be changed between 
the maximum set-up time before the clock transition and the 
maximum hold time after the clock transition. Data changes 


within this interval may or may not be detected. 5-59 


Metallization and Pad Layouts 


4055/5055 ‘4057/5057 


Yoo 
16 


14 OUTA 


13 INB 
12 OUTT 


PHYSICAL DIMENSIONS 
8-Pin Molded DIP Top Views 8-Pin Hermetic DIP 


-530 MAX. 
O10 MIN. 


TO-100 Can 
.370 


yan DIA. 


535 335 
305 DIA. 


040 
MAX. 040.260 
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Am9102/Am9102A/Am9102B 


1024-Bit Static N-Channel RAM 


DISTINCTIVE CHARACTERISTICS 


@® High-Speed Operation 
Am9102 — 650 ns guaranteed read and write cycle times 
Am9102A — 500ns guaranteed read and write cycle times 
Am9102B — 400ns guaranteed read and write cycle times 
Low-Power Dissipation 
100 mw typical; 260 mw maximum 
Standby operating mode reduces power 75% 
16 mw typical; 64 mw maximum 
!nput and output voltage levels identical to TTL 
High-Output Drive — Two full TTL loads guaranteed 
High Noise {!mmunity — 400 mV guaranteed 
Uniform Access Times 
Switching characteristics are insensitive to data patterns, 
addressing patterns, and power supply variations 
Single 5-Volt Power Supply 
10% tolerance for full temperature range devices 
5% tolerance for commercial range devices 
High-Performance Plug-In Replacement for: Intel 2102, 
Signetics 2602, Intersil IM7552, Mostek 4102, T14033/4 
Available for operation over both commercial and 
military ranges 
100% reliability assurance testing in accordance with 
MIL-STD-883 


LOGIC BLOCK DIAGRAM 
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ORDERING INFORMATION 


: 9102 9102A 
Package Ambient Order Order 
Type Temperature Number Number 


FUNCTIONAL DESCRIPTION 


The Am9102 is a high-performance 1024-bit static N-channel 
random access memory, with a power-saving standby op- 
erating mode. The device has a chip select input (CS) 
which controls a three-state output to make construction 
of large memory systems simple. Reading and writing are 
performed by enabling the chip and applying a LOW to 
write or a HIGH to read on the write enable input (WE) 
while Voc is at 5 volts. When a device is not being accessed 
for reading or writing, the standby mode may be entered 
by lowering Vcc to 1.6 volts. Stored data will be retained 
in the standby mode, but the power dissipation of the de- 
vice will be reduced to about one quarter the normal op- 
erating power. 


The devices are available in three speed selections. The 
Am9102 operates with a 650 ns cycle time, the Am9102A 
operates with a 500 ns cycle time, and the Am9102B 
requires only a 400 ns cycle time. The Am9102 and 
9102A can directly replace the 2102-2 and 2102-1 to 
achieve higher drive and better noise immunity. 


LOGIC SYMBOL 


Vec = Pin 10 
GND = Ping 


CONNECTION DIAGRAM 
Top View 


9102B 
Order 
Number 


O°C to +70°C 
O°C to +70°C 
—55°C to +125°C 


AMS102APC 
AMS9102ADC 


AM9102BPC 
AMS9102BDC 


Molded DIP 
Hermetic DIP 
Hermetic DIP 


AM9102PC 
AM9102DC 
AM3102DM 


Note: Pin 1 marked for orientation, 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
- Supply Voltage to Ground Potential (Pin 10 to Pin 9) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs —0.5V to+7V 
DC Input Voltage -0.5V to +7V 
Current into Output 50mA 
Current from Output —50mA 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Am9102PC, Am9102DC 
Am9102APC, Am9102ADC Ta =O Cto +70°C Vec = +5.0V £5% 
Am9102BPC, Am9102BDC 


Parameters Description Test Conditions Min. Typ.(Note 1) x. Units 


vor Output LOW Voltage Voc = MIN. lo, = 3.2mA | Volts | 


Vin Input HIGH Level Guaranteed input logical HIGH Volts 
voltage for all inputs 
ViL Input LOW Level Guaranteed input logical LOW Volts 
voltage for all inputs 
Input Load Current Vcc = MAX., Vin = OV to 5.25 V | A 
lcc Power Supply Current Data out open T oe res 
Veo = MAX. Prarrewre [Po 


v ere ee 
IcEXx Output Leakage Current VCS = VIH wou soc — Fete | 


Note 1. Typical limits are at Voc = 5.0V and Tag = 25°C 


Am9102DM Ta=-55°C to +125°C Voc = +5.0V +10% 


Parameters Description Test Conditions Min. Typ.(Note 1) Max. Units 


v ieeeaeeeny 
VOH Output HIGH Voltage loH =—200nA co a 78V | 24 | —r Volts 
Voc = 4.50V tt $§—pra 


| VoL _|_ Output LOW Voltage Vec = MIN., lot = 3.2mA | Volts | 
Vin Input HIGH Level Guaranteed input logical HIGH Volts 
voltage for all inputs 
input LOW Level Guaranteed input logical LOW Volts 
voltage for all inputs 
Input Load Current Voc = MAX., Vin =OV to 5.25 V Se 
Ic Power Supply Current pate out open 


IcEx Output Leakage Current Vés = Vio Vout = Vec a oo 
Vout =0.4V ee 


Note 1. Typical limits are at Voc = 5.0V and Ta = 25°C 


CAPACITANCE (Ta = 25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


| cin | Input Se Cae lass Any Input VIN = OV, f = 1MHz 


Cour Vout = OV, f= 1M ia ne ena 2 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE AND VOLTAGE RANGE 


Load = 1 TTL Gate and 100 pF 
Am9102B (400 ns Cycle Time) 


Parameters Description 


Delay Chip Select LOW to Output 
HIGH or LOW 


Delay Chip Select HIGH to Output OFF 
Delay Address to Output HIGH 
Delay Address to Output LOW 


Minimum Write Pulse Width 


Read or Write Cycle Time 


* Am9102A (500 ns Cycle Time) 


Parameters Description 


Delay Chip Select LOW to Output 
HIGH or LOW 


tce 
tb 
a0) [Data Setuptime CS 
P(A) [Address SetupTime | 
[tn(AY | Address Hold Time ——SSSSSSCS~*&Y 
PES) | ChipSelectSetupTime 
Read or Write Cycle Time 


Am9102 (650 ns Cycle Time) 
Parameters Description 


t Delay Chip Select LOW to Output 
CE HIGH or LOW 


Delay Chip Select HIGH to Output OFF 


Delay Address to Output LOW 
Minimum Write Pulse Width 
Data Set-up Time 


Data Hold Time 
Address Set-up Time 


Switching limits are independent of data and addressing patterns. 


Test Conditions 


Vit = 0.65V 

Vip =2.2V 

tr = tf = 20ns 
Measure at 1.5V 


Test Conditions 


ViL = 0.65V 

VIH =2.2V 

tr = t¢ = 20ns 
Measure at 1.5V 


Test Conditions 


Vit = 0.65V 

ViIH =2.2V 

tr = tt = 20ns 
Measure at 1.5V 
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SWITCHING WAVEFORMS 
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KEY TO TIMING DIAGRAM 
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Write Cycle Timing. The cycle is initiated by an address change. After t,(A) max., the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, t,{(A) max. must be 
allowed before the address may be changed again. The output will follow the data input while the write 


enable is LOW. Chip select must be HIGH by th (CS)max. prior to the write pulse to prevent writing ina 


non-selected device. 
age CYCLE 
ADDRESS‘ 


i oneee) Pace enero ore eal 
Ag-9 ; free oat 


ADDRESS k ADDRESS ! —— 


tce 
me rin tpd—(A) MAX, 
MIN. 


MIN. ea tiem ie 
HIT mamN\\\\\\\\\ om _/Z 


READ A LOW IN DISABLE ENABLE READ AHIGH AHIGH 
ADDRESS k OUTPUT OUTPUT IN ADDRESS | 


ee 
OUTPUT READ A HIGH 
DISABLED IN ADDRESS j 


Switching delays from address and chip select inputs to the data output. 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 
CS Active LOW chip select input. When the chip select is LOW 
data can be read from or written into the memory. 


WE Active LOW Write Enable. When the write enable is LOW, 
data on the data input is written into the addressed memory 
location. When WE is HIGH data is read from the addressed 
location and appears at the data output. 


SWITCHING TERMS 

tce The delay from the chip select input going LOW to the 
output going active and to the correct state. 

tcp The delay from the chip select going HIGH to the output 
assuming an inactive high impedance level. 

tog+(A) The delay from a change on the address inputs to a 
correct HIGH (tpg+) or LOW (tpg_ ) level on the outputs. Access 
time. 

t,(CS) Chip select set-up time. The time prior to the end of 
the write pulse by which CS must be LOW to write. 


th(CS) Chip select hold time. The time after the end of the 


5-64 write pulse during which CS must remain LOW to write. Also 


the time prior to the write pulse at which CS must be HIGH 
to prevent writing. 


tow (WE) Minimum write pulse width. The shortest LOW time 
on the write enable input guaranteed to cause a write. 


t,(D) Data set-up time. The time, relative to the end of the 
write pulse (LOW-to-H!GH edge) at which the data on the data 
inputs may be written into the memory. To ensure writing the 
correct data, the data must be present before t,(D) max. 


t,(D) Data hold time. The time relative to the end of the 
write pulse after which data will not be written. To ensure 
writing correct data, data must not be changed until after 
th (D) max. 


ts(A) Address set-up time. The time prior to the start of the 
write pulse (HIGH-to-LOW edge) at which the correct write 
address must be on the address inputs. An address change later 
than t,(A) max. may cause writing in two addresses. 


th (A) Address hold time. The time following the end of the 
write pulse (LOW-to-HIGH transition) at which a new address 
may be applied. An address change earlier than t, (A) max. may 
cause writing into two addresses. 


POWER DOWN STANDBY OPERATION 


The Am9102 is designed to maintain storage in a standby 
mode. The standby mode is entered by lowering Vcc to 
around 1.6—2.0 volts (see table and graph below). When the 
voltage to the device is reduced, the storage cells are isolated 
from the data lines, so their contents will not change. The 
standby mode may be used by a battery operated back-up 
power supply system, or, in a large system, memory pages 
not being accessed can be placed in standby to save power. 


A standby recovery time must elapse following restoration 
of normal power before the memory may be accessed. 


To ensure that the output of the device is in a high im- 
pedance OFF state during standby, the chip select should 
be raised for the chip disable time (tcp) prior to entering 
the standby mode, and should be held at Vi during the 
entire standby cycle. 


STANDBY OPERATING CONDITIONS OVER TEMPERATURE RANGE 


Description 


VsBpy Vcc in Standby Mode 
I A Icc in standby mode, as a per- 
Dar ee cent of Icc in operating mode. 


Rate of Change of Vcc 


Parameter 


DESELECT 
CHIP 


Power Supply Current Vs. Voltage 
Normalized to Current 
at Vcc = 5.0 Volts 


1.2 


0.4 
4.50 4.75 


Vec - VOLTS 


STANDBY 
MODE 


Vee - VOLTS 


Test Conditions 


RECOVERY READ OR WRITE CYCLE 


Access Time Vs. Vcc 
Normalized to Vcc = +5.0 Volts 


Typical Output Current Vs. Voltage 
24 
ed | 


LOW STATE 


+o AND - Igy — mA 


5.25 5.50 
Vout — VOLTS 


Metallization and Pad Layout 


DIE SIZE 
.126” X .164" 
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APPLICATIONS 
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CLOCK ~LF 


4K Word by 4-Bit Memory System 


The clock signal HIGH-to- LOW transition fires the one-shot and initiates the write pulse. The write pulse 
should end 100ns prior to the next clock LOW-to- HIGH transition. On each clock pulse, the data input 
register is loaded with four bits of data and a read/write bit and the address register is either loaded or 
incremented. Output data is loaded on the next clock pulse. 


PHYSICAL DIMENSIONS 

Dual-In-Line 
16-Pin Side-Brazed 16-Pin Molded: 
ee . “> ¥ 


Bees 
vA 
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Bipolar Memory gaucilc 


Am2700/2701 


256-Bit Random Access Memories 


Distinctive Characteristics 
© High-speed 256- word x 1-bit fully decoded RAM 


e Memory access time of 70 ns typical 


. © Choice of three-state (Am2700) or open-collector 
(Am2701) output. 


© Output only active during read operation allows inter- 
leaving of memories and single bus operation 


© 100% reliability assurance testing in compliance with . 
MIL STD 883 


© Electrically tested and optically inspected die for the 
assemblers of hybrid products 


e Mixing privileges for obtaining price discounts 
Refer to price list 


FUNCTIONAL DESCRIPTION 


The Am2700 and Am2701 are fully decoded bipolar random 
access memories for use In high-speed buffer memories and 
as a replacement for high-speed core memories in digital 
systems. The memories are organized 256 words by 1 bit with 
an 8-bit binary address field and separate data in and data 
output lines. The memorles have three active LOW chip select 
inputs and a three-state output (Am2700) or open-collector 
output (Am2701). All inputs are buffered to present an input 
load of only 0.5 TTL unit loads. 

Read/write operation Is controlled by an active LOW write 
enable Input. When the write enable is LOW and the chip is 
selected the data on the data Input is written into the location 
specified by the address inputs. During this operation the 
output floats allowing the data bus to be used by other mem- 
orles or open-collector logic elements that are tied to the In- 


verting data output. Reading Is accomplished by having the 
chip selected and the write enable Input HIGH. Data stored in 
the location speclfled by the address Inputs Is read out and 
appears on the data output Inverted. 

The chip is selected by three active LOW Inputs all of which 
must be LOW in order for the data output to be active during 
the read operation and for data to be written into or from 
the memory. These three active LOW chip select inputs per- 
mit the Am9301 and Am9311 MSI decoders to select mem- 
ories in either a IInear select, two or three dimensional mode 
of operation when large memory systems are being built. The 
delay from the chip select to the output Is considerably faster 
than from the address inputs and extra delay can be toler- 
ated In the chip select path without affecting system per- 


' formance. 


LOGIC DIAGRAM 
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CONNECTION DIAGRAM LOGIC SYMBOL 


Top View 


Part Package 2118147 9 1011 


Number Type 


Am2700 
Am2700 
Am2700 
Am2701 ét 
Am2701 Hermetic Flat Pak 
Am2701 Dice 


AM270059E 

AM270059F 

AM2700XXD 

AM270159E " 

AM270159F 5 

AM2701XXD A, Ao cs A, GND 


Hermetic DIP ’ 


"0°C to +75°C 
0°C to +75°C 
0°C to +75°C 


Veg = PIN 16 


NOTE: PIN 1 is marked for orlentation. GND = PINS 


MAXIMUM RATINGS (Above which the useful Ilfe may be Impaired) 


Temperature (Ambient) Under Blas —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State 0.5 V to +Ve¢ max 
DC Input Voltage —0.5 V to +Vec> 
Output Current, Into Outputs 30 mA 
DC Input Current —30mA to +50mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 
T,=O0°Cto+75°C = Veg = 4.75 V to 5.25 V 


Parameters Test Conditions Test Conditlons Min Typ (Note 1) Max Units 
Vee = MIN., IE = —2.0 mA 
Output HIGH Voltage cc ’ OH 
Output LOW Voltage Veo = MIN., lo, = 16.0 mA 
Vin = Vin OF Vit 
Input HIGH Level Guaranteed Input logical HIGH 
voltage for all inputs 
Vin Input LOW Level Guaranteed Input logical LOW 
voltage for all inputs 


Input LOW Current Veco = MAX,, Vin = 0.4 V 
Input HIGH Current Voc = MAX., Vin = 2.4V 
Input HIGH Current Veco = MAX., Vin = 5.25 V 


Output Leakage Current Voc = MAX., CS = 2.4V, Voy; = 2.4V 
Vee = MAX., CS = 2.4 V, Vour =0.4V 


Output-Short Circult Current! Veg = MAX., Voy; = 0.0 V 


Note 1. Typical Limits are at Veg = 5.0 V, 25°C Ambient and maximum loading. 


Switching Characteristics V..=5V,T, = 25°C, C, = 30pF, R, = 4702 
Parameter Definition Figure Min Typ Max Units 


Delay from Write Enable (LOW) to Inactive Output 
Set Up Time Address 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 


F Forward, applying to LOW inputs. 

H_ HIGH, applying to a HIGH-signal level or when used with Voc 
to Indicate high Ve¢ value. 

I Input. 

L LOW, applying to a LOW signal level or when used with Vcc to 
indicate low Vcc value. 

O Output. 

R_ Reverse, applying to HIGH inputs. 


FUNCTIONAL TERMS: 


Tri-State A tri-state output can exist In three possible states. Out- 
put LOW sinking current, output HIGH sourcing current, and output 
floating where the output level is determined by external circuitry 
connected to the output. This three state output allows AND tying 
of memory outputs for memory expansion and still keeps the in- 
herent high speed of active pull-up circuitry. 

Fully Decoded !n a fully decoded memory every possible address 
combination of logic HIGH’s and LOW’s unlquely selects a memory 
word. This form of decoding requires no additional special purpose 
decoders for system operation and is the most efficient in terms of 
address inputs required and overall system speed. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

Input Unit Load One T2L gate input load. In the HIGH state it is 
equal to | and in the LOW state it is equal to I;. 


SWITCHING TERMS: (All switching times are measured at the 1.5V 
logic level). 

bode The delay from a logic level change at an input to a HIGH 
level on an output. 

tg. The delay from a logic level change at an input to a LOW 
level on an output. 

tigo The delay from a logic level change at an input to a high 
impedance state on a tri-state output. Measured with a resistor 
pull-down or pull-up. 

tq4(A)(A=+o0r—) The delay from an address input to the 
memory output. 

tad (CS)(A=+,—,0r0) The delay from a chip select input to 
the memory output. 


thao (WE) The delay from a HIGH to LOW transition on the write 
enable to a high impedance level on the memory output. 

ta4,— (WE) The delay from a LOW to HIGH transition on the 
write enable to an active level on the memory output. 

tw (WE) The shortest LOW pulse on the write enable input which 
is guaranteed to cause the memory to write. Pulses shorter than 
toy (WE) max may or may not cause a write to occur. 

t,(DI) The data input set-up time. A memory will store the logic 
level present on the write enable. Since t, (D1) varies from device 
to device, reliable operation requires that the data input to a mem- 
ory be steady at all times between t, (DI) max and t, (Df) min. A 
negative t, indicates a time after the write enable has ended, and 
may be thought of as a “‘hold time.” 

t, (A) The set up time of the address inputs relative to the HIGH. 
to LOW edge of the write pulse. This is the time required for 
internal address decoding to settle. To avoid writing in spurious 
addresses, a stable address should be applied to the address 
inputs at least t, (A) max before the write pulse begins. 

t, (A) The address hold time. This parameter Is similar to t, (A) 
but is measured relative to the end of the write pulse rather than 
the beginning. A stable address should be maintained on the 
address inputs for t,(A) max after the write pulse has ended in 
order to prevent writing in spurious addresses. 


OPERATIONAL TERMS: 

i, Forward input load current. 

I, Output leakage current with CS HIGH or WE LOW. 

Io, Output HIGH current, forced out of output in Vo,, test. 
Io, Output LOW current, forced into output in Vo, test. 

I, Reverse input load current with V, applied to Input. 


leg The current drawn by the device under power supply, bias 
input terminals grounded and output terminals open. 


Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

V,, Forward LOW input voltage, for forward input current test. 
Vi, Minimum logic HIGH input voltage. 

V,, Maximum logic LOW input voltage. 

Von Minimum logic HIGH output voltage with output HIGH current 
lox flowing out of output. 

Vo, Maximum logic LOW output voltage with output LOW current 
lo, into output. 

Viq Input reverse HIGH voltage applied for input leakage current, 
test. 


SWITCHING WAVEFORMS 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS 
ADDRESS 
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CHANGING 
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Write Cycle Timing. The cycle is initiated by an address change. After t,(A) max, the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, t, (A) max must be allowed 
before the address may be changed again. The output will be Inactive (floating for the Am2700) while the 
write enable Is LOW. Ordinarily, the chip select should be LOW during the entire write pulse. 


Figure 1 
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DISABLED IN ADDRESS j ADORESS k OUTPUT OUTPUT IN ADDRESS | 


Switching delays from address and chip select inputs to the data output. For the Am2700 a disabled output 
is “OFF,” represented by a single center line. For the Am2701, a disabled output is HIGH. 


Figure 2 


TRUTH TABLE 


Output Mode 
DO (t,,..) 


cs 
H No Selection 
L Write ‘0’ 
L Write ‘1’ 
L Read 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don’t Care 

F = FLOATING Output Level is determined by external 
circultry connected to the output 


INPUT/OUTPUT INTERFACE CONDITIONS 
Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE Vou, 


NOISE MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
{High leve}) VOLTAGE 


Vite 
tow OuIPUT Nees MAXIMUM LOGIC 
VOLTAGE Ee cay “LOW INPUT 
or VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


IMMUNITY 
{Low level) 


DRIVEN DEVICE 


ViHo 
Vito 


ORIVING ORIVEN 
DEVICE DEVICE 


Current Interface 
Conditions — LOW 
OUTPUT DRIVING INPUT LOAD 


DRIVEN"LOW" 
Vee 


GND > 
Current Interface Conditions — HIGH 
(Note) Am2701 has open collector output 


OUTPUT DRIVING INPUT LOAD | 
"HIGH" DRIVEN"HIGH 


Current Interface 
Conditions — FLOATING 


Am2700/2701 LOADING RULES 


Fanout 
Input Output Output 


Input/Output PinNo.s Unit Load HIGH LOW 


1 0.5 — 
0.5 = 
0.5 = 
0.5 = 
0.5 = 
— _(Note)'50 
0.5 = 
0.5 = 
0.5 

0.5 

0.5 

0.5 

0.5 

15 0.5 

16 — 
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Note: Am2701 has open collector output. 


MSI INTERFACING RULES 


- Equivalent Input 
Interfacing Unit Load 
Digital Family HIGH Low 


Advanced Micro Devices 9300/2500 Series 1 
FSC Series 9300 

Tl Series 54/7400 

Signetics Series 8200 

Nationa! Series DM 75/85 

DTL Series 930 


USER NOTES 


. Address lines can be interchanged for ease of printed 
circuit layout without affecting functional operation. 


. Since for a given pattern on the address line reading and 
writing are performed on the same memory word, the 
address lines can be driven by any mixture of assertion 
or negation of the variables making up the address field. 


APPLICATION 
2048 WORD X 1 BIT MEMORY 


ADDRESS 


A0o-————__---————————— A10 


STROBE 
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Am9301 1/10 DECODER 
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Am 2700 Am 2700 Am 2700 
RAM bo RAM DO RAM 
256W X 18IT 256W X 1 BIT 256W X 1 BIT 
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MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
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(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am27LS00/01 


Schottky 256-Bit Random Access Memories 


Distinctive Characteristics e Low input loading-0.5mA 

¢ High-speed, fully decoded 256-bit random access e 100% reliability assurance testing in compliance with 
memory MIL-STD-883 

e Internal ECL circuitry gives 35 ns access time e Three-State (Am27LS00) or open collector 

e Low power dissipation- 275 mw (Am27LS01) versions 


FUNCTIONAL DESCRIPTION 


The Am27LS00 and Am27LS01 are fully decoded bipolar ran- 
dom access memories for use in high-speed buffer memories 
and as a replacement for high-speed core memorles in digital 
systems. The memories are organized 256 words by 1 bit with 
an 8-bit binary address field and separate data In and data 
output lines. The memories have three active LOW chip select 
inputs and a three-state output (Am27LS00) or open-collector 
output (Am27LS01). All inputs are buffered to present an input 
load of only 0.5 TTL unit loads. 

Read/write operation Is controlled by an active LOW write 
enable Input. When the write enable is LOW and the chip Is 
selected the data on the data Input is written into the location 
specifled by the address Inputs. During this operation the 
output floats allowing the data bus to be used by other mem- 
orles or open-collector logic elements that are tied to the In- 


verting data output. Reading Is accomplished by having the 
chip selected and the write enable Input HIGH. Data stored In 
the location specified by the address Inputs Is read out and 
appears on the data output inverted. 

The chip Is selected by three active LOW Inputs all of which 
must be LOW in order for the data output to be active during 
the read operation and for data to be written into or from 
the memory. These three active LOW chip select Inputs per- 
mit the Am9301 and Am9311 MSI decoders to select mem- 
ories In elther a linear select, two or three dimensional mode 
of operation when large memory systems are being bullt. The 
delay from the chip select to the output Is considerably faster 
than from the address Inputs and extra delay can be toler- 
sted in the chip select path without affecting system per- 
ormance. 


LOGIC DIAGRAM 
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ORDERING INFORMATION 


The specifications given in this data sheet are based on 
design objectives, and are subject to change following full 
characterization of the product. 
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CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


D1 WE ‘ 2115147 9 1011 


Dt Ag Ay Az Ag Ag Ag ABA? 


Am27LS00/01 
RAM 
256W X 1-B1T 


Ay, GND 


Veco = PIN 16 
NOTE: PIN 1 is marked for orientation. GND = PIN8 


6-8 


MAXIMUM RATINGS (Above which the useful life may be Impaired) 
Storage Temperature © —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —O0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc max 
DC Input Voltage —0.5 V to +Voc 
Output Current, Into Outputs 30 mA 
pe Input Current —30mA to +50mA 


Ambient Operating Power Supply 
Am27LS00DC 
Am27LS01DC 0°C to +75°C 4.75 V to 5.25V 
Am27LS00DM 
Am27LS01DM —55°C to +125°C 4.50 V to 5.50 V 


Parameters Test Conditions Test Conditions Min Typ (Note 1) Max Units 
Vee = MIN., IKu = —2.0 mA 
Output HIGH Volt ce 1 OH 
Veco = MIN,, Io, = 16.0 MA 
Output LOW Voltage ce ‘OL 
Input: HIGH Level Guaranteed Input logical HIGH 
voltage for all inputs 


Input LOW Level Guaranteed Input logical LOW 
voltage for all Inputs 
fa |“ Input LOW Current Veg = MAX., Viy = 0.4V 


Output Leakage Current 
eR eee. evar Prey 


Note 1. Typical Limits are at Veg = 5.0 V, 25°C amblent and maximum loading. 


T= T=: 
T~= O0°Cto —55°C 
Parameter Definition Figure 25°C 75°C to125°C Units 


Typical Switching Characteristics V., =5V, C, = 30pF, R, = 4702 


See Fig. 2 


Delay from Write Enable (LOW) to Inactive Output 


HA) __| Set Up Tine Address 
eee ac ie Se 
TKO) | Set Up Tine Data npst———SSCS~C*~“~*~‘“~*~*~*~*~dCSC*‘i 


TRUTH TABLE | Am27LS00/27LS01 LOADING RULES 


Output Mode Vee Ont Loads) Fanout 


DI DO (t,,.,) Input Output Output 


Input/Output Pin No.s Unit Load HIGH Low 
0.5 _ _ 
0.5 _ 

0.5 

0.5 _ 

0.5 _ 

_ (Note) 50 

0.5 _ 

0.5 _ 
INPUT/OUTPUT INTERFACE CONDITIONS 0.5 


= 


F Write ‘0’ 
_F Write ‘1’ 
L DO (t,) Read 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
F = FLOATING Output Level Is determined by external 
circultry connected to the output 
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H F No Selection 
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Voltage Interface Conditions — LOW & HIGH 0.5 
; WE 0.5 
MINIMUM LOGIC 0.5 


“HIGH" OUTPUT 
VOLTAGE ol 0.5 


15 0.5 


MINIMUM LOGIC 16 _ 
IMMUNITY “HIGH” INPUT 
(High level) VOLTAGE 


Note: Am27LS01 has open collector output. 


Vie 
2 
MAXIMUM LOGIC fda aa 
“LOW” OUTPUT Seat MAXIMUM LOGIC MS! INTERFACING RULES 
VOLTAGE Oly Ree iys LOW" INPUT 
«= fae VOLTAGE 
NOISE Equlvaient Input 


Neewr bev Interfacing Unit Load 
DRIVING DEVICE DRIVEN DEVICE Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500 Serles 
Vi» FSC Serles 9300 
Vita TI Serles 54/7400 
; SIgnetics Serles 8200 
DRIVING ORIVEN 
DEVICE DEVICE Natlonal Serles DM 75/85 
DTL Serles 930 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Current Interface Current Interface 
Conditions — LOW Conditions — FLOATING 


OUTPUT DRIVING INPUT LOAD 
“Low DRIVEN'LOW" 


USER NOTES 


. The delay from chip select to the data output is consider- 
ably less than from the address inputs to the data output. 
Additional decoding delay can therefore be Inserted Into 
the chip select path without Incurring any speed penalty. 

. The memory is organized Internally as a 16x16 matrix 
with the A,., address lines selecting 16 words and the A, , 
address {Ines selecting the required bit In the word. The 
delay from the A, address Inputs to the data output Is 
therefore faster than from the A,., address Inputs. This 
together with the shorter chip select delay can be used to 

OuTeMIGHR | Oaivemuieue Increase overall operational speed In a paged memory 

system. 

. Address lines can be interchanged for ease of printed 
circult layout without affecting functional operation. 

. Since for a given pattern on the address line reading and 
writing are performed on the same memory word, the 
address lines can be driven by any mixture of assertion 
or negation of the variables making up the address field. 


Current Interface Conditions — HIGH 
(Note) Am2701 has open collector output 


SWITCHING WAVEFORMS | 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS 
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Write Cycle Timing. The cycle Is initiated by an address change. After t,(A) max, the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, t, (A) max must be allowed 
before the address may be changed again. The output will be Inactive (floating for the Am27LS00) while the 
write enable Is LOW. Ordinarily, the chip select should be LOW during the entire write pulse. 


Figure 1 
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Switching delays from address and chip select Inputs to the data output. For the Am27LS00 disabled output 
Is “OFF,” represented by a single center line. For the Am27LS01, a disabled output is HIGH. 


Figure 2 
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Am3101°Am54/7489* Am93403* Am31L01 


Standard and Low-Power 64-Bit Random Access Memories 


Distinctive Characteristics 
@ Fully decoded 16-word x 4-bit Schottky technology 
standard and low-power, high speed RAMS 
@ Access time typically 30 ns for standard and 70 ns for 
~ low-power device . 
®@ Chip select and open collector outputs for simple 
memory expansion 


@ Available in both the military and commercial am- 
bient temperature ranges and in low-power version 
(Am31L01) 

® 100% reliability assurance testing in compliance with 
MIL-~STD-883. 

©@ Plug-in replacement for T!17489 and Fairchild 93403. 


FUNCTIONAL DESCRIPTION 


The Am3101 is a 64-bit RAM built using Schottky diode 
clamped transistors and is ideal for use in scratch pad and high- 
speed buffer memory applications. The memory is organized 
as a fully decoded 16-word memory of 4 bits per word. Easy 
memory expansion is provided by an active LOW Chip Select 
(CS) input and open collector OR tieable outputs. Chip sel- 
ection for large memory systems can be controlled by active 
LOW output decoders such as the Am9301 and Am9311. 


An active LOW write line (W) controls the writing/reading op- 
eration of the memory. When the chip select and write lines 


LOGIC DIAGRAM 
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ONE-OF-SIXTEEN 
DECODER 


1/0 16 x 4 MATRIX OF CELLS 


ORDERING INFORMATION 


Am54/ 
: Ambient ~Am3101 7489 Am93403 
Package Temperature Order Order Order 

Type Range Number Number Number 
Molded DIP O°C to +75°C P3101 SN7489N 93403PC 
Hermetic DIP O°C to +75°C C3101 SN7489J 93403DC 
Hermetic DIP —55°C to+125°C C31013  SNS5489J 93403DM 
Flat Pack —55°C to+125°C AM3101FM SN5489W 93403FM 


are LOW the information on the four data inputs Dj to D4 
is written into the addressed memory word. 


Reading is performed with the chip select line LOW and the . 
write line HIGH. The information stored in the addressed word 
is read out on the four inverting outputs 01 to 04. 


Whenever the write enable is LOW the four outputs of the 
memory may be either HIGH or LOW. 


Any time the chip select is HIGH and the write enable is 
HIGH, all four outputs go HIGH. 


LOGIC SYMBOL 


Dy Dy D3 Dy 
Am3101/Am31L01 
RAM 
16W X 4B 
0; 7 03 % 


Vec = Pin 16 
GND = Pin8 


CONNECTION DIAGRAM 
Top View 


Am31L01 
Order 
Number 


* AM31L01PC 


AM31L01DC 
AM31L01DM 
AM31L01FM 


Note: Pin 1 is marked for orientation. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ~—65°C to 150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State . —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs 30mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 
Am3101 @ Am54/7489 @ Am93403 


Am3101, Am7489, Am93403XC Ta =0°C to +75°C Voc = 5.0V +5% 
Am31013, AmS489, Am93403 XM Ta=-S8°Cto+125°C Vec = 5.0V +10% 
Parameters — _— Description Test Conditions Min. Typ. (Note 1) Max. Units 


Vcc = MAX., Vout = Vcc 
! Output Leakage Current pas 
CS = 2.5V 
Vcc = MIN., lot = 16mA 
VOL Output LOW Voltage Vin = Vin or Vin. 
* Guaranteed input logical HIGH 
VIH MpOE HIGH Eeve! voitage for all inputs 


* Guaranteed input logical LOW 
VIL Inpur LOW Lave! voltage for all inputs 
Input LOW Current Vcc = MAX., Vin = 0.45V 


| tH | Input HIGH Current Voc = MAX., Vin = 4.5V 
Input Clamp Voltage Voc = MIN., I¢ = —5.0mA 


: Vec = MAX. | 0°C to 75° 
Power Supply Current . a 
All inputs = GND 55°C to +125°C 


Note: 1. Typical Limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 


Am31L01 


Am31L01XC Ta =0°C to +75°C Vec = 4.75V to 5.25V 
Am31L01XM Ta=—-55°Cto+125°C } 39=9Vcec = 4.50V to 5.50V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 


Vout = Vcc = MAX. 
Voc =MIN., lot = 4.8mA 
Vin = Vin or Vit 


Guaranteed input logical HIGH 
voltage for al! inputs 
Guaranteed input logical LOW 
voltage for all inputs 


Vcc = MAX., Vin = 0.3V 


Voc = MAX., Vin = 5.5V 
Voc = MIN., I¢ = —5.0mA 
Icc Power Supply Current Vcc = MAX 


6-12 *System requirement. Parameters preceeded by an asterisk are specified as system forcing requirements rather than device characteristics, In general, min- 
imum system requirements result from maximum device characteristics, Typical'values are not meaningful for system requirements. , 


Vcc = MAX.,, Vin = 2.4V 


Read Cycle 


— ADDRESS j — 


READ A ““0" IN j READA"1” INK 


ae ATLEAST 
Write Cycle *tow(W) MIN. 


DY — sooness YY HF — scores FALL TIME <10ns 
AMPLITUDE * 4V 


| AVWWVVVVVVVVVVVVVVA 


WW\\__ 


LETT TTY AANRA RARER RATERS \\ 
LEETELLT} AAAS 


(W) 


WV 
————— WANA AA (IF ADDRESS STABLE) — 


WRITE "1" IN j 


Two Write Cycles Followed by a Read + 


INHIBIT OUTPUT =ENABLE OUTPUT 


SWITCHING WAVEFORMS 


KEY TO TIMING DIAGRAM 


WAVEFORM _ INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
MAY CHANGE CHANGING 


FROMHTOL FRoMHTOL 


WILL BE 
CHANGING 
FROMLTOH 


MAY CHANGE 
FROMLTOH 


DON'TCARE: CHANGING: 
ANY CHANGE = STATE 
PERMITTED UNKNOWN 


TEST CONDITIONS: 
RISE TIME < 10ns 


MEASURE AT 1.5V 
A.C. Test Load 


5V 


300 2 , 
(1k FOR Am31L01) 


YY 
WVVVWVV 600 2 


(2k FOR Am31L01) 


WRITE “O” INk READ “0” INK 


Note: During the “write” cycle, input data lines are connected to the output sense amplifiers. Spurious signals may appear on the output 
data lines as the ‘‘write’’ input_signal makes the transition from its LOW (write) state to its HIGH (read) state. This period of 
uncertainty is defined as tre¢(W) in the specifications and since treg(W) is well under the access time no difficulty will be 
encountered when the recommended timing sequence is used. 


SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS 


Am3101 @ Am54/7489 @ Am93403 


Parameters Description 


Ambient Temperature 
25°C 0°C to +75°C 
Test Conditions Typ. Min. Max. Units 


Vcc = 5.0V 
C= 30pF 
Ry = 3002 to Vcc 
and 
6002 to GND 


Am31L01. 


Parameters Description 


Write Recovery Time 


Ambient Temperature 
Ty = 25°C 
Test Conditions Min. Typ. Max. Units 


Vcc = 5.0V 
CL = 30pF 
Ry = 1k2 to Vee 
and 
2k2 to GND 


Address Hold Time 


*System requirement, Parameters preceeded by an asterisk are specified as system forcing requirements rather than device characteristics, In general, min- 6-13 
imum system requirements result from maximum device characteristics, Typical values are not meaningful for system requirements, 


PERFORMANCE CURVES 
Am3101 ¢ Am54/7489 e Am93403 


Output Current Versus 
Output “‘Low” Voltage 


lo, — OUTPUT CURRENT — mA 


0 
0 0.1 0.203 0.405 0.60.7 0.809 1.0 
Vo — OUTPUT “LOW” VOLTAGE — V 


Typical Address 
Delay to Output Versus 
Ambient Temperature 


Voc= 


tog (A) — ADDRESS TO OUTPUT DELAY — ns 


-55-35-15 5 25 45 65 85 105125 
Ta — AMBIENT TEMPERATURE — °C 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 

CS Active LOW chip select input. When the chip select is 
LOW data can be read from or written into the memory. 

Dj The data inputs of the memory. i= 1-4 

OQ; The data outputs of the memory, i = 1 — 4 

Oj(tnh) The state of output i at time n. 


Dj(tp_x) The state of the Dj input at time tp—», where — 


tn— x is the time of the last write operation into a given address. 
W Active LOW Write Enable. When the write enable is LOW, 
data on the data | inputs is written into the addressed memory 
location. When W is HIGH data is read from the addressed 
location and appears, inverted, at the O outputs. 

UNIT LOAD A TTL input unit load is defined as —1.6mA at 
0.4V (LOW state) and 40uA at 2.4V (HIGH state). 


SWITCHING TERMS 


tod+(CS) The delay from the chip select:input going LOW to 
the output going active. 

tpdz(Cs) The delay from the chip select going HIGH to the 
output assuming an inactive high impedance level. 


tod+(A) The delay from a change on the address inputs to a . 


correct HIGH (tpq+) or LOW (tpq—) level on the outputs. 
Access time. 

trec(W) 
HIGH transition on the write enable to the correct data on the 


6-14 outputs of the memory. This is the time required between the 


Write recovery time. The delay from a LOW-to- 


Typical Chip Select Delay 
to Output Versus 
Ambient Temperature 

Voc = 5.0 V 


D.c. LOAD= 15 mA 
C_ = 30 pF 


oO 
-55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 
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Typical Write Pulse 
and Write Recovery Time 
Width Versus 
Ambient Temperature 


rn 
5 oe LOAD = 15 mA 
coset TT 
Te fe 
-55~35-15 5 25 45 65 85 105 125 
Ta, — AMBIENT TEMPERATURE — °C 


tree (W) — WRITE RECOVERY TIME — ns 


end of the write operation and a read operation in the 
same address. 

*tow(W) Minimum write pulse width. The LOW time on the 
write enable input required to cause a write. 


*t,(D),*th(D) Data set-up and hold times. The time, relative to 
the end of the write pulse (LOW-to-HIGH edge) after which 
the data on the data inputs will not be written into the mem- 
ory. To ensure writing the correct data, the data must be 
present before *t.(D) min. and must remain until after 

*th(D) min. 

*t,(A) Address set-up time. The time prior to the start of the 
write pulse (HIGH-to-LOW edge} at which the correct write 
address must be on the address inputs. An address change later 
than *t.(A) max. may cause writing in two addresses. 

*th(A) Address hold time. The time following the end of the 
write pulse (LOW-to-HIGH transition) at which a new address 
may be applied. An address change earlier than *th(A) min. 
may cause writing into two addresses. 


tpa+ (WE) The delay from a LOW-to-HIGH transition of the 
write enable to an active (but not necessarily correct} state on 
the data outputs. The correct state will be present after the 
write recovery time has elapsed. 


todo(WE) The delay from a HiGH-to-LOW transition on the 
write enable to a high impedance level on the data outputs, if 
the chip is selected. 


*System requirement. Parameters preceeded by an asterisk are speci- | 
fied as system forcing requirements rather than device characteristics, 
In general, minimum system requirements result from maximum de- 
vice characteristics. Typical values are not meaningful for system 
requirements, 


USER NOTES LOADING RULES 


1. For optimum system speed the memory output can be Am3101 Am31L01 
directly connected to following DTL or TTL circuitry Am54/7489 @ Am93403 ee 


without a pull up resistor. Input/ Pin Input Output Input Output 
4 : : Output No.’s Unit Load LOW Unit Load LOW 
. For a good DC noise margin a pull up resistor can be 


used.’ Limits of R in kQ are given by 


= 


0.5 
0.5 
0.5 
0.5 


Vec — Vou required Vec — Vor required 
SS Ei. eS 
nicex + Nhy lou — Nie 


Where n is number of OR tied outputs 
N is the number of TTL unit loads driven, 
IO is the maximum output LOW current. 


0.5 


. Address and data lines can be interchanged within their 
respective groups for ease of P.C. layout without 
effecting device operation. 


Oran] Qi gq] &Biw] hy 


=| om 
=—| oO 


. Since for a given pattern on the address lines reading and 
writing are performed on the same actual memory word, 
the address lines can be driven by any mixture of 
assertion or negation of the variables making up the 
address field. 


Vec 


MSI INTERFACING RULES Outputs are open collectors 


Equivalent 
Input Unit Load 
interfacing Digital Family HIGH LOW 


Advanced Micro Devices 54/7400 
Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 

TI Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


Am3101/Am31L01 BASIC MEMORY CELL TRUTH TABLE 
INPUTS OUTPUTS MODE 


DATA ‘1’ DATA ‘0’ 


WORD LINE== 


No Selection 
No Selection 


No Selection 
Write ‘0’ 
Write ‘1’ 

H Dj(tp—x) Read 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Note: When the chip select CS input is HIGH and the Write Enable 
W is LOW data Is not written Into the memory. However, 


the data outputs may follow the data inputs inverted. 


TO SENSE 

AMPLIFIER 

AND OUTPUT 
BUFFER 


Am3101/Am31L01 APPLICATION 


DATA INPUTS: 
ADDRESS INPUTS —— 


ADDRESS ENABLE READ/WRITE CONTROL 0, Dz 03 Dy 


Ay 42 


Amg301 
1/10 DECODER 


Ep eee ed ee Re Sts ie ie 
Le | oi tii 8 | 9 
Dy 0g Dg 04 Dy D2 03 04 Ww gt 0; D2 03 Dy w ages 
Am3101 Am3101 ty A Am3101 an Ay Am310t 
RAM | {| RAM BER RAM 
16W x 48 16W x 48 an A2 18W x 4B na 2 16W x 48 
Ag 


= i En ED 
ee res a Oe ee 
Sea VE Se HO 
Dy Dg 03 Oy Ww cS Dy D2 D3 04 Ww cs 0, 02 03 D4 
= rt = er 
_] A2 16W x 4B J A 1ew x 48 


2 
A3 0; 02 03 0% 
Lee 


128-WORD x 4-BIT MEMORY 


PHYSICAL DIMENSIONS 
Dual-In-Line Molded 


Hermetic 


g70 ee all oxy Tm 
035 080 


: 015 


Metallization and Pad Layout 


Ao Vcc Al 


ADVANCED 
MICRO 
DEVICES INC. 


907 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
DIE SIZE 79 X 147 Mils TELEX: 34-6306 
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Am3101A/Am27S02 «- 27S03 


64-Bit Random Access Memory 


Distinctive Characteristics . 
@ Fully decoded 16-word x 4-bit Schottky technology @ Pin compatible high speed replacement for 3101, 


shigh-speed RAM. 93403, and 7489 (use Am27S02) and for DM 75/8599 
@ Access time typically 22ns. (use Am27803). 
@ Available with three-state outputs (Am27S03) or © 100% reliability assurance testing in compliance with 

with open collector outputs (Am27S02). MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am27S02(Am3101A) and Am27S03 are 64-bit RAMs built 
using Schottky diode clamped transistors and are ideal for use in 
scratch pad and high-speed buffer memory applications. Each 
memory is organized as a fully decoded 16-word memory of 4 bits 
per word, Easy memory expansion is provided by an active LOW 
chip select (CS) input and open collector OR tieable outputs 
(Am3101A/Am27S02) or three-state outputs (Am27S03).Chip se- 
lection for large memory systems can be controlled by active LOW 
output decoders such as the Am9301 and Am9311. pina Soa ronan 

An active LOW Write line WE controls the writing/reading operation TOW x 48 

of the memory. When the chip select and write lines are LOW the Op 0; 02 03 

information on the four data inputs Dg to Dg is written into the 

addressed memory word. 

Reading is performed with the chip select line LOW and the write 

line HIGH, The information stored in the addressed word is read 

out on the four inverting outputs Oo to 03. 

During the writing operation or when the chip select line is HIGH : Voc = Pin 16 
the four outputs of the memory go to an inactive high impedance GND = Ping 
state. 


Do Dy D2 D3 


LOGIC BLOCK DIAGRAM 


186 x 4 MATRIX 
OF STORAGE CELLS 


ce) 

Ze 
&3 
28 
wo 
> 

oz 
Pie) 
ge 
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ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Open Collector Outputs 


Package Temperature Order A3 D3 
Type Range Number 
Molded DIP OC to 75°C AM27S02PC or P3101A 
Hermetic DIP 0°C to 75°C AM27S02DC or C3101A 
Hermetic DIP —55°C to +125°C AM27S02DM 
Hermetic Flat Pak —55°C to +125°C AM27S02FM 


2 3 5 7 
Three-State Outputs ry Ty a a 


Molded DIP O°C to +75°C AM27S03PC cs WE 09 oz) 
Hermetic DIP O°C to +75°C AM27S03DC_. 
Hermetic DIP —55°C to +125°C AM27S03DM 

Hermetic Flat Pak —55°C to +125°C AM27S03FM Note: Pin 1 is marked for orientation. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) : —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vec max. 


DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs ; 100mA 


DC Input Current —30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am27802XC, Am27S03XC Ta =0°C to +75°C Vec = 5.0V +5% 
Am27S802XM, Am27S03XM Ta = —-55°C to +125°C Vec = 5.0V +10% Typ 
Parameters Description Test Conditions (Note 1) Max. Units 


Min. 
Vv Vec =MIN., = —0.8mA 
OH Output HIGH Voltage cc =MIN., 1OH 2 Volts 
(Am27S03 only) Vin = Vin of Vin 
VOL Output LOW Voltage Vv ei ae p Seaec | Volts 
Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Vec =MAX., | WE, Dg—D3, Ag— 
Input LOW Current ce S me 9-03, Ag—3 
VIN = 0.45V cs 


Input HIGH Current Vcc = MAX., Vin = 2.4V 


All inputs = GND 
Vec = MAX. 


Input Clamp Voltage Vec = MIN., lin =—5.0mA AE soa 
i 
7 =2,4V Am27S03 aes 
Output Leakage Current Ont ea Ea 


lec Power Supply Current . 


VGs = Vin or VWE = VIL 


Am27S03 
Vout = 0.4V, Voc = MAX. aa 


Note 1. Typical limits are at Voc = 5.0V and Ta = 25°C 


_SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS 


25°C Ta= O°to 75°C 
Parameters Description Test Conditions . Typ. Min. Max, Units 


KS Delay Chip Select to Output 
tpas(CS) HIGH or LOW 


Delay Chip Select HIGH to 
Output OFF 


tpa—(Al_| Delay Address to Output LOW | 

trecQWEI | Write Recovery Time] Vee“ 5.0V, C= 30F, Ri = 8008 Voc 
are 

Sear ane SS 6008 se GND tama Las 

pene tsy 

[sista | Address Setup Tine 

| tpaz(WE) 


Delay WE LOW to Output OFF 


*System requirement, Parameters preceeded by an asterisk are specified as system forcing requirements rather than device characteristics, [n general, min- 
imum system requirements result from maximum device characteristics. Typical values are not meaningful for system requirements, 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 

CS Active LOW chip select input. When the chip select is 
LOW data can be read from or written into the memory. 

Dj The data inputs of the memory. i= 1— 4 

Qj; The data outputs of the memory, i = 1 — 4 

QOj(th) The state of output i at time n. 

Di(ta—x) The state of the Dj input at time tp— x, where 
th— x is the time of the last write operation into a given address. 
WE Active LOW Write Enable. When the write enable is LOW, 
data on the data inputs is written into the addressed memory 
location. When WE is HIGH data is read from the addressed 
location and appears, inverted, at the O outputs. 

UNIT LOAD A TTL input unit load is defined as —1.6mA at 
0.4V (LOW state) and 40yA at 2.4V (HIGH state). 


SWITCHING TERMS 


tpat(Cs) The delay. from the chip select input going LOW to 
the output going active. 

tpdz(CS) The delay from the chip select going HIGH to the 
output assuming an inactive high impedance level. 

tpd+(A) The delay from a change on the address inputs to a 
correct HIGH (tpg+) or LOW (tpg—) level on the outputs. 
Access time. 

trec(WE) Write recovery time. The delay from a LOW-to- 
HIGH transition on the write enable to the correct data on the 
outputs of the memory. This is the time required between the 


end of the write operation and a read operation in the 
same address. 

*tow(WE) Minimum write pulse width. The LOW time on the 
write enable input required to cause a write. 


*t.(D),*t_(D) Data set-up and hold times.-The time, relative to 
_ the end of the write pulse (LOW-to-HIGH edge) after which 
the data on the data inputs will not be written into the mem- 
ory. To ensure writing the correct data, the data must be 
present before *ts(D) min. and must remain until after 

*th(D) min. 

* ts(A) Address set-up time. The time prior to the start of the 
write pulse (H}GH-to-LOW edge) at which the correct write 
address must be on the address inputs. An address change later 
than *t.(A) max. may cause writing in two addresses. 

*th(A) Address hold time. The time following the end of the 
write pulse (LOW-to-HIGH transition) at which a new address 
may be applied. An address change earlier than *th(A) min. 
may cause writing into two addresses. 
tpat (WE) The delay from a LOW-to-HIGH transition of the 
write enable to an active (but not necessarily correct) state on 
the data outputs. The correct state will be present after the 
write recovery time has elapsed. 
tpdo(WE) The delay from a HIGH-to-LOW transition on the 
write enable to a high impedance level on the data outputs, if 
the chip is selected. 


*System requirement. Parameters preceeded by an asterisk are speci- 
fied as system forcing requirements rather than device characteristics, 
In general, minimum system requirements result from maximum de- 
vice characteristics. Typical values are not meaningful for system 
requirements, : 
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SWITCHING WAVEFORMS ’ 
. KEY TO TIMING DIAGRAM 
> | 
\\\\\\ = co Se 
AN 
100000004444 INCU 


MAX todz(WE) trec(WE) 


toge(WE) MIN. " 
COTY YY 
AAMAS 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMH TOL 


WILL BE 
CHANGING 
FROM L TOH 


MAY CHANGE 
FROMLTOH 


OON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


MIN 


a ANNAN 
OeSeu Pith 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF STATE 


Write Cycle Timing. The cycle is initiated by an address change. After *t.(A) min., the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, “t,(A) min. must be 
allowed before the address may be changed again. The output will be inactive (floating for the Am27S03) 
while the write enable is LOW. The three parameters t,(A), th(A) and tpw(WE) apply to the condition 


CS LOW AND WE LOW. 


ADDRESS 


‘Ags ADDRESS j 


ADDRESS! 


tod+(CS) tpd+HlA) 
EMAX tod—(A) MAX MAX 


“TIM 


MIN 


LLLELL 


ee 
OUTPUT READ A HIGH 
DISABLED IN ADDRESS j 


To 


READ A HIGH 
IN ADDRESS | 


LILLIE LAAN 


ee 
READ A LOW IN DISABLE ENABLE 
ADDRESS k OUTPUT OUTPUT 


Switching delays from address and chip select inputs to the data output. For the Am27S03 disabled output 
is “OFF”, represented by a single center line. For the Am27S02, a disabled output is HIGH. 


INPUT/OUTPUT INTERFACE CONDITIONS 
Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH” OUTPUT y ’ 
VOLTAGE On, 


NOISE MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
{High level} VOLTAGE 


Vig DRIVING , DRIVEN 


MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS ~ VOLTS 


Vv 
ou, 3 
a ee 


NOISE 
IMMUNITY 
(Low level) 


DEVICE 
MAXIMUM LOGIC 
“LOW INPUT 
VOLTAGE 


DRIVING DEVICE 


DRIVEN DEVICE 


DEVICE 


Currents Conditions — OFF State Current Conditions — LOW State 


OUTPUT (NPUT - QUTPUT 
Voc Vcc Vec Vec Vee 


Current Conditions — HIGH State 


Note: Am27S02 is open collector 


'cex AT VOL 
FF 
O 
FF 
'cex AT Vou 


Note: Am27S02 is open collector 


USER NOTES 


. The Am27S03 output has active circuitry for both logic levels 
and requires no external pull-up resistor. 


. For agood DC noise margin with the Am3101A/27S02 a pull-up 
resistor can be used. Limits of R in kQ are given by 


Vec-Vou required Vec-VoL required 
ii ace Ae OG i ont eS NE 
nicex +Niiy lon -Nie 

Where n is number of OR tied outputs 
Nis the number of TTL units loads driven. 


. Address and data lines can be interchanged within their respec- 
tive groups for ease of P. C. layout without effecting device 
Operation. 

. Since for a given pattern on the address lines reading and writing 
are performed on the same actual memory word, the address 
lines can be driven by any mixture of assertion or negation of 
the variables making up the address field. 


BASIC MEMORY CELL 


WORD LINE — 


TO SENSE 
AMPLIFIER 
AND OUTPUT 
BUFFER 


Am3101A LOADING RULES (In TTL Loads) 


: Output Drive 
Input (Am27S03) 
Input/Output Pin No.’s Loading HIGH LOW 


= 


16 
16 
16 
16 


ol elalrnfoala}alwlnr 


ATTL unit load is —1.6mA at 0.4V and 40nA at 2.0V. 
The Am27S02 has open collector outputs; the output drive in the 
HIGH state is determined by an external pull-up resistor. 


TRUTH TABLE 


INPUTS OUTPUTS MODE 
Off No Selection 
Off No Selection 
Off No Selection 
Off Write ‘0’ 
Off Write ‘1’ 
Djltp_») Read 


H = HIGH Voltage Level 
L = LOW Voltage Level 
OFF = HIGH Impedance 


Note: The Am27S02 output is at a high impedance level 
at all times except when reading a LOW. 
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Am3101A/27S02/27S03 APPLICATION 


DATA INPUTS 
—rey, 
ADDRESS ENABLE READ/WRITE CONTROL Dg 01 D2 D3 


AY A2 


Am9301 
1/10 DECODER 


Og 0 02 D3 7 Do Dy 02 03 Do Dy 02 03 
Am27S02/3 Am27S02/3 : Am27S02/3 Am27S02/3 
RAM RAM RAM RAM 
16W x 48 16W x 4B A2 16W x 4B 
3 


A 
Op 01 O2 0; 02 03 


A2 16W x 4B 
A3 

Og 01 02 03 DATA 
Oo Oo O OUTPUTS 


Do Dy Dz 03 E Do Dy 02 D3 Do Dy 02 03 
Ama7502/3 Amg7S02/3 Ama7s02/3 Am21802/3 
AM Al 
16W x 4B T6W x 4B 16W x 4B 16W x 4B 


Oo 01 02 03 


Am3101A/27S02 ONLY 


128 WORD x 4-BIT MEMORY 


PHYSICAL DIMENSIONS 


Hermetic Pusey eine Molded 


ADVANCED 
MICRO 


DEVICES INC. 
901 Thompson Place 


Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


DIE SIZE 85 X 131 mils 
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Am101/201/301 


Operational Amplifier 


Description: The Am101/201/301 monolithic operational Distinctive Characteristics: 100% reliability assurance 
amplifiers are functionally, electrically and pin-for-pin testing including high-temperature bake, temperature 
equivalent to the National LM101, and LM201. They are cycling, centrifuge and fine leak hermeticity testing in 
available in the hermetic TO-99 metal can, dual-in- compliance with MIL STD 883 Class B. 
line packages, and flat packages. Mixing privileges for obtaining price discounts. 
Refer to price list. 
Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am101/201/301 are differential input, class AB output op- y=ayt 
erational amplifiers. The inputs and outputs are protected 
against overload and the amplifiers may be frequency com- 
pensated with an external 30pF capacitor. 


INVERTING 
INPUT 


NON-INVERTING 
INPUT 


APPLICATIONS 


OouTPUT == —INPUT/OUTPUT OVERLOAD PROTECTION 


\f an input is driven from a low-impedance source, a series resistor, R, should be used to limit the peak Instantaneous output 
current of the source to less than 100 mA. A large capacitor (>0.14F) ts equivalent to a low Source impedance and should 
be protected against by an isolation resistor. 

The amplifler output Is protected against damage from shorts to ground or to the power supplies by device design. Pro- 
tection of the output from voltages exceeding the specified operating power supplies can be obtained by isolating the output 


via limiting resistors R, or Rg. 


The power supplies must never become reversed, even under transient conditions. Reverse voltages as low as 1 volt can 
cause damage through excessive current. This hazard can be reduced by using clamp diodes of high peak current rating 


connected to the device supply lines. 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 


Part Package Temperature Order 
Number Type Range Number Dual-in-Line Metal Can 
8 


DIP 0°C - 70°C LM301D 
mmieo! Metal Can 0°C - 70°C LM301 rae ee 
DIP —25°C - 85°C. LM201D INvERTING 
Am201 Metal Can —25°C - 85°C LM201 NPUT 
Flat Pak —25°C - 85°C LM201'F NON Labels 
INI 
DIP —55°C - 125°C LM101D / 
Am1i01 Metal Can —55°C - 125°C LM101 NOTES: 
Flat Pak —55°C - 125°C LM101F (1) On Metal Can, 
Ami01 Dice Note 4 LMDO1 pin 4 is connected to case. 
(2) On DIP, pin 6 is connected 
to bottom of package. 


Note 4: The dice supplied will contain units which meet 0°C to +70°C, ~25°C to 
+85°C and -55°C to + 125°C temperature ranges. (3) On Flat Package, pin 5 is 
connected to bottom of package. 


MAXIMUM RATINGS 

Supply Voltage 

Internal Power Dissipation (Note 1) 
Differential Input Voltage 

Input Voltage (Note 2) 

Output Short-Circuit Duration 


Operating Temperature Range 
Am 101 
Am201 
Am301 

Storage Temperature Range 


Lead Temperature (Soldering, 60 sec.) 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 3) 


Parameter 
(see definitions) 


Input Offset Voltage 


Conditions 


A Vy = £15V,Voy7 = £10V, 
Large Signal Voltage Gain R, > 2ke 


V; = £15 V, Voy; = £10V, 
R, > 2ke 


Large Signal Voltage Gain 


Output Voltage Swing 


Supply Current T, = +125°C V, = +20 V 


DEFINITION OF TERMS 


COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the peak-to-peak change in input offset voltage over this 
range. 

INPUT BIAS CURRENT The average of the two input currents. 
INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals through two equal resistances to obtain 
zero output voitage.. ; 

INPUT RESISTANCE The ratio of the change in input voltage to 
the change in input current on either input with the other grounded. 
INPUT VOLTAGE RANGE The range of voltages on the Input 
terminals for which the offset specifications apply. 

LARGE-SIGNAL VOLTAGE GAIN The ratio of the output voltage 
swing to the change in input voltage required to drive the output 
from zero to this voltage. 

OUTPUT RESISTANCE The resistance seen fooking into the out- 
put terminal with the output at null. 


OUTPUT SHORT-CIRCUIT CURRENT The maximum output current 


-available from the amplifier with the output shorted to ground or to 
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either supply. 


ss 
oS 
So 
a 
Oo 
So 
hb 
< 
° s 
lye] 
o 
So 


: 


input Voltage Range Vea 2 15V 


+ 22V 
500 mW 
+30V 
+15V 
Indefinite 


—55°C to +125°C 
—25°C to +85°C 
0°C to +70°C 
—65°C to +150°C 
300°C 


So 
Sonal 
=] 
b 
o 
o 
Oo 
foe) 
3/3/3 


> 


V 


500 nA 
200 


150 750 100 
50 400 10 


V/mV 


. 


65 90 70 90 
70 90 70 90 
+12 +14 +12 +14 
+10 +13 +10 +13 


mA 


OUTPUT VOLTAGE SWING The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 


POWER SUPPLY REJECTION RATIO The ratio of the change in 
input offset voltage to the change in power supply voltages pro- 
ducing it. 

SUPPLY CURRENT The current required from the power supply 
to operate the amplifier with no load and the output at zero. 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 75°C and the Dual In-Line 
package at 9 mW/°C for operation at ambient temperatures 
above 95°C, and the Flat Package at 5.4 mW/°C for oper- 
ation at ambient temperatures above 57°C. 


For supply voltages fess than +15V, the maximum input 
voltage is equal to the supply voltage. 


Unless otherwise specified, these specifications apply for 
supply voltages from +5V to +20V and C, = 30pF. 


Note 2: 


Note 3: 


GUARANTEED PERFORMANCE CURVES 


(Curves apply over the Operating Temperature Ranges) 


Input Voltage Range Output Swing Voltage Gain 


Vv 


jot 


INPUT VOLTAGE RANGE-+V 
OUTPUT SWING 
VOLTAGE GAIN-dB 


10 10 15 
SUPPLY VOLTAGE-:V SUPPLY VOLTAGE-:V SUPPLY VOLTAGE-:V 


PERFORMANCE CURVES 


Supply Current Voltage Gain Maximum Power Dissipation 


SUPPLY CURRENT-mA 
VOLTAGE GAIN-dB 
POWER DISSIPATION—mW 


10 15 65 85 105 125 
SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V TEMPERATURE-°C 


Current Limiting Input Noise Voltage Input Noise Current 


OUTPUT VOLTAGE SWING — +V 


MEAN SQUARE NOISE VOLTAGE -V?/Hz 
MEAN SQUARE NOISE CURRENT (A?/Hz) 


100 100 1k 10k 100k 
OUTPUT CURRENT-+mA FREQUENCY-Hz FREQUENCY (Hz) 


Open Loop Frequency Response Large Signal Frequency Response Voltage Follower Pulse Response 
10 


WU | ETT Ty = 28°C SINGLE POLE 
Bill Il Tali Vg = #15V COMPENSATION 
CCT F 


Vv 


+t 


O 
(Figure 1) 


\ 

nN HCATIN 
ofeameaucet= NP | © “Yee KITT NCCT 
PUTTY LUNN LT 


Yoo 1k 10k 100k 1M 10M 10k 100k 1M 10M 0 10 20 30 40 50 60 70 80 
FREQUENCY-Hz FREQUENCY-Hz TIME-pS 


PHASE LAG - DEG 


VOLTAGE GAIN-d8 
OUTPUT SWING 
VOLTAGE SWING-V 


FREQUENCY COMPENSATION CIRCUITS 


Single Pole Compensation Two Pole Compensation Feedforward Compensation 
C2 


R2 R2 


RC 


> 
C12 Aye HS 


Cre rh S C,* 30 pF 
C, = 30 pF Co= 10 Cy 


Power supplies should be bypassed to ground at one point, minimum, on each card. More bypass points should be considered 
for five or more amplifiers on a single card. For applications using feed-forward compensation, the power supply leads of 
each amplifier should be bypassed with low inductance capacitors. 


Compensating for Stray Input Isolating Large Capacitive Loads 
Capacitance/Large Feedback Resistance Ro 
C2 


C2* Ri Cs 

R2 
The values given for the frequency compensation capacitor guarantee stability only for source resistances less than 10ko, 
stray capacitances on the summing junction less than 5pF and capacitive loads smaller than 100pF. If any of these condi- 
tions is not met, it is necessary to use a larger compensation capacitor. Alternately, lead capacitors can be used in the 
feedback network to negate the effect of stray capacitance and large feedback resistors, or an RC network can be added to 


isolate capacitive loads. . 


PHYSICAL DIMENSIONS 
Metal Can Flat Package 


0.370 
bec OIA: 


040 
MAX, 


SEATING F _ 
PLANE . 
ee fs 
in 
0.016 


Note: Al! dimensions are in inches. 
Leads are gold plated Kovar. 


Metallization and Pad Layout 
49 x 56 Mils 


COMP. 


INPUT (-) 
“AT UNULL 


INPUT (+) 


yr 
ADVANCED 
MICRO 

DEVICES INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(1) 


Am101A/201A/301A 


Operational Amplifier 


Description: The Am101A, Am201A and Am301A mono- Distinctive Characteristics: 100% reliability assurance 
lithic operational amplifiers are functionally, electr- testing including high-temperature bake, temperature 
ically and pin-for-pin equivalent to the National LM101A, cycling, centrifuge and fine leak hermeticity testing in 
LM201A, and LM301A. They are available in the hermetic compliance with MIL-STD-883. 

TO-99 metal can, dual-in-line, and flat packages. Mixing privileges for obtaining price discounts. 


Refer to price list. 
Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am101A/Am201A/Am301A are differential input, class AB 

output operational amplifiers. The inputs and outputs are pro- 

tected against overload and the amplifiers may be frequency INVERTING 
compensated with an external 30pF capacitor. The combina- (NPUT 
tion of low-input currents, low-offset voltage, low noise, and 

versatility of compensation classify the Am101A/Am201A/ NaMNVEATING 
Am301A amplifiers for low level and general purpose appli- INPUT 
cations. 


v7 vt 


APPLICATIONS 
INPUT/OUTPUT OVERLOAD PROTECTION 


If an input is driven from a low-impedance source, a series resistor, R, should be used to 
limit the peak instantaneous output current of the source to less than 100 mA. A large 
capacitor (>0.1uF) is equivalent to a low-source impedance and should be protected 
against by an isolation resistor. 
The amplifier output is protected against damage from shorts to ground or to the power 
supplies by device design. Protection of the output from voltages exceeding the specified 
operating power supplies can be obtained by isolating the output via limiting resistors 
R, or Rg. 

TEST The power supplies must never become reversed, even under transient conditions. Reverse 

FREQ. POINT ; : ; 

voltages as low as 1 volt can cause damage through excessive current. This hazard can be 


COMP. 
B reduced by using clamp diodes of high peak current rating connected to the device supply 


lines. 


ORDERING INFORMATION CONNECTION DIAGRAMS 
: Top Views 


Part Package Temperature Order 
Number Type Range Number Dual-In-Line Metal Can 


FREQ. COMP 
8 


DIP o°c - 70°C LM301AD 
= 
8 


Am301A Metal Can 0°C - 70°C LM301A FREQ. COMP. A/ ve 
eS ag SE ee ge ee Se se Ae SS ME ane en ee BALANCE J, Ae 
DIP —25°C - 85°C LM201AD es 
Am201A Metal Can —25°C - 85°C LM201A mnventins bP oureut 
Flat Pak —25°C - 85°C LM201AF . bl 
NON INVERTING Q) (5 BALANCE 


DIP —55°C - 125°C LM101AD INPUT O 
Am101A Metal Can —55°C - 125°C LM101A 
Flat Pak —55°C - 125°C LM101AF NOTES: 
(1) On Meta! Can, 


Am101A Dice Note 4 LMDO1A pin 4 is connected to case. 
(2) On DIP, pin 6 is connected 
to bottom of package. 


Note4: The dice supplied will contain units which meet 0°C to +70°C, —25°C to NONINVE STING 
‘ (3) On. Flat Package, pin 5 is 


+85°C and —55°C to +125°C temperature ranges. BALANCE 
connected to bottom of package. 


MAXIMUM RATINGS 


Supply Voltage 
Am101A, 201A 
Am301A 


Internal Power Dissipation (Note 1) 


+22V 
&18V 


500 mW 


Differential Input Voltage 
Input Voltage (Note 2) 


+30V 
+15V 


Output Short-Circuit Duration 
Operating Temperature Range 


Indefinite 


Am101A —55°C to +125°C 
Am201A —25°C to +-85°C 
Am301A 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C . 
ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise specified) (Note 3) 
Am101A 
Parameter Am 301A Am201A 
(see definitions) Conditions Min Typ Max Min Typ Max Units 
Input Offset Voltage Rs < 50 k2 
Input Offset Current 
Input Bias Current 
Input Resistance 
Ve = +20V 
Supply Current Ve = +15V 
: ' Vo = +15 V, Voy = +10V, 
Large Signal Voltage Gain R, > 2ko 25 
Slew Rate Vg = +20V, Ay = +1 0.2 0.5 0.2 0.5 V/s 
The Following Specifications Apply Over The Operating Temperature Ranges 
input Offset Voltage Rs, < 50k. 10 3.0 mV 
Input Offset Current 70 20 nA 
Average Temperature ; 
Coefficient of Input Offset Voltage Tagminy STA S Tatra 3.0 15 uC 
Average Temperature 25°C < Ty STA may 0.01 0.3 0.01- 0.1 nA/°C 
Coefficient of Input Offset Current | Ts gin) < Ta < 25° 0.02 0.6 0.02 0.2 nA/°C 
input Bias Current 300 100 nA 
, ipa Vo = +15V, Voyy = £10V, 
Large Signal Voltage Gain R, > 2ko 25 25 V/mV 
V, = +20V +15 Vv 
Input Voltage Range Ve = £15V 415, —12 Vv 
Common Mode Rejection Ratio R, < 50 kQ 70 90 80 96 dB 
Supply Voltage Rejection Ratio Ry, < 50 kQ 70 96 80 96 dB 
, V, = £15V, R, = 10 kQ, +12 +14 +12 +14 Vv 
Cutpubvoltage Swing R, = 2kQ, +10 +13 +10 +13 v 


Supply Current T, = +126°C V, = +20 V 


1.2 2.5 | mA 


DEFINITION OF TERMS 

AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
CURRENT The ratio of the change in Input Offset Current over 
the operating temperature range to the temperature range. 
AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
VOLTAGE The ratio of the change in Input Offset Voltage over 
the operating temperature range to the temperature range. 
COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the peak-to-peak change in input offset voltage over this 
range. 

INPUT BIAS CURRENT The average of the two input currents. — 
INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals through two equal resistances to obtain 
zero output voltage. 

INPUT RESISTANCE The ratio of the change in input voltage to 
the change in input current on either input with the other grounded. 
INPUT VOLTAGE RANGE The range of voltages on the input 
terminals for which the offset specifications apply. 

LARGE-SIGNAL VOLTAGE GAIN The ratio of the output voltage 
swing to the change in input voltage required to drive the output 
from zero to this voltage. 

OUTPUT RESISTANCE The resistance seen looking into the out- 


7-6’ put terminal with the output at null. 


OUTPUT SHORT-CIRCUIT CURRENT The maximum output current 
available from the amplifier with the output shorted to ground or to 
either supply. 

OUTPUT VOLTAGE SWING The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 


RrRAUIER 7 Riw rirat ial a atin 
POWER SUPPLY REJECTION RATIO = The ratio of the chang 


ate 
Oo 
input offset voltage to the change in power supply voltages pro- 
ducing it. 
SUPPLY CURRENT The current required from the power supply 
to operate the amplifier with no load and the output at zero. 


NOTES 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 75°C and the Dual In-Line 
package at 9 mW/°C for operation at ambient temperatures 
above 95°C, and the Flat Package at 5.4 mW/°C for oper- 
ation at ambient temperatures above 57°C. 


Note 2: For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 


Note 3: Unless otherwise specified, these specifications apply for 
supply voltages from +5V to +20V for the 101A and 201A, 
and from +5V to +15V for the 301A. ‘ 


FREQUENCY COMPENSATION CIRCUITS 


Single Pole Compensation Two Pole Compensation Feedforward Compensation 


Co 


Figure 1 Figure 2 


Power supplies should be bypassed to ground at one point, minimum, on each card. More 
bypass points should be considered for five or more amplifiers on a single card. For appli- 
cations using feed-forward compensation, the power supply leads of each amplifier should 
be bypassed with low inductance capacitors. 


Compensating for 
Stray Input Capacitance/Large 
Feedback Resistance Isolating Large Capacitive Loads 


R2 


Figure 4 Figure 5 


The values given for the frequency compensation capacitor guarantee stability only for 
source resistances jess than 10kQ, stray capacitances on the summing junction less than 
5pF and capacitive loads smaller than 100pF. If any of these conditions is not met, it is 
necessary to use a larger compensation capacitor. Alternately, lead capacitors can be used 
in the feedback network to negate the effect of stray capacitance and large feedback 
resistors, or an RC network can be added to isolate capacitive loads. 


PERFORMANCE CURVES (Note 3) 


Open Loop Open Loop Open Loop 
Frequency Response Frequency Response Frequency Response 


TWO POLE FEEDFORWARD 
COMPENSATION] a5 COMPENSATION 
(figure 2) N (figure 3) 


PHASE LAG - DEG 
VOLTAGE GAIN-dB 
PHASE LAG - DEG 


ENN 
0} SINGLE Poe! GAIN NS 
COMPENSATION aN 
figure, 1 
oo (figure, 1) '\ 20 i 
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY-Hz FREQUENCY~Hz FREQUENCY-Hz 


Voltage Follower Voltage Follower 
Pulse Response Pulse Response Inverter Pulse Response 


SINGLE POLE 
COMPENSATION 


(figure 1) i rhs 
a Se AE 
[NYT RE eboureur | 


au 
TW TTT ap TT 
PRR nee fea 
| | vd 


VOLTAGE SWING-V 
VOLTAGE SWING-V 
VOLTAGE SWING-V 


| 
O 10 20 30 40 50 60 70 80 : QO 10 20 30 40 50 60 70 80 
TIME-ys TIME~us TIME-us 


Large Signal ' Large Signal Large Signal 
Frequency Response Frequency Response Frequency Response 


Tas 25°C 
Vs* t15V 
Cy = 30 pF 


AV a 
NIT 


TWO POLE 
IMPENSATION 
(figure 2) 


FEEDFORWARD 


CON COMP EREATION 
be SI 
SOT 


OUTPUT VOLTAGE SWING - +V 
OUTPUT VOLTAGE SWING — tV 


OUTPUT VOLTAGE SWING — +V 


10k 100K 
zeraieNe ie FREQUENCY- Hz FREQUENCY-Hz 


ee Closed Loo 
Common iiode Fejeciion ‘ower Suppiy Rejeciion Cuiput im 


SINGLE POLE 
COMPENSATION 
(figure 1) 


COMMON MODE REJECTION-dB 
SUPPLY REJECTION-dB 
OUTPUT IMPEDANCE -& 


10k 100 1k = =610k 100k 1M 1k 
FREQUENCY- Hz FREQUENCY- Hz FREQUENCY-Hz 


GUARANTEED PERFORMANCE CURVES (note 3) 
(Curves apply over the Operating Temperature Ranges) 


Input Voltage Range Output Swing Voltage Gain 


-4V 


INPUT VOLTAGE RANGE-+V 
OUTPUT VOLTAGE SWING 
VOLTAGE GAIN-dB 


SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V 


PERFORMANCE CURVES (Note 3) 


Input Current—101A, 201A Input Current—301A 
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Input Noise Voltage Input Noise Current 


aN 
ST 

FHETHIA SSR 

rae COMET 
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FREQUENCY-Hz TEceuuENeWTE 


MEAN SQUARE NOISE VOLTAGE -V2/Hz 
MEAN SQUARE NOISE CURRENT—A?/Hz 
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Current Limiting Voltage Gain Supply Current 
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OUTPUT VOLTAGE SWING — #V 
VOLTAGE GAIN-dB 
SUPPLY CURRENT-mA 


SES eel 
ie 
ee 


OUTPUT CURRENT-tmA SUPPLY VOLTAGE-#V SUPPLY VOLTAGE-+V 


PHYSICAL DIMENSIONS 


Metal Can 


0.370 pia 
0.335” 


Flat Package 


040 
MAX, 
SEATING t 
PLANE 
8 LEADS 


0.019 
=~ DIA. 
0.016 o 


= a 
bal Ibe des 


Note: All dimensions are in inches. 
Leads are gold plated Kovar. 


Metallization and Pad Layout 


INPUT (-} comp. 
INPUT (+) | | ASINUEL 


ADVANCED 
MICRO 

DEVICES INC. 

9071 Thompson Place 
Sunnyvale 

California 94086 

49 x 56 Mils : (408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Am105/205/305/305A 


Voltage Regulator 


Distinctive Characteristics 


100% reliability assurance testing in compliance with 


e The Am105/205/305/305A are functionally, electric- MIL STD 883. 
ally, and pin-for-pin equivalent to the National LM e Electrically tested and optically inspected die for 
105/205/305/305A. assemblers of hybrid products. 

e Output voltage adjustable from 4.5V to 40V. e Mixing privileges for obtaining price discounts. 

¢ Output currents in excess of 10A possible by adding Refer to price list. 
external transistors. e Available in metal can and hermetic flat package. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am105/205/305/305A is a positive voltage regulator UNREGULATED 

which can be used in the series, shunt, linear or switching 

modes of operation. The circuits feature low stand-by current REF evens 
drain, operation under minimum load conditions and an out- 

put current capability of up to 20 mA. 


BOOSTER 


= OUTPUT 


ERROR AMP 


REFERENCE 


CURRENT 
© uimir 


O 
FEED BACK 
REGULATED 


O © OUTPUT 
GROUND COMPENSATION 


TYPICAL APPLICATIONS 


Current Regulator 


2N3055 


Vour * -10V 
200mA 


ORDERING INFORMATION CONNECTION DIAGRAM 


Part Package - Temperature Order Top Views 
Number Type Range Number 


Am305A Metal Can 0°C to 70°C LM305A Metal Can Flat Package 


REGULATED OUTPUT 


Am305 Metal Can 0°C to 70°C LM305 


CURRENT LIMIT, COMPENSATION NC 
BOOSTER 
Metal Can —25°C to 85°C LM205 OUTPUT 


UNREGULATED REGULATED 
Am205 BOOSTER OUTPUTO O FEEDBACK ATED af REGuLA 


Flat Pak —25°C to 85°C LM205F GROUND 7[==5 COMPENSATION 


Am105 Metal Can —55°C to 125°C LM105 UNREGULATED INPuTO OREFERENCE BYPASS REFERENCE et) FEEDBACK 
Flat Pak —55°C to 125°C LM105F GROUND 


Am105 Dice Note 4 LMDO5 


Note 4: The dice supplied will contain units which meet 0°C to +70°C, NOTES: (1) On Metal Can, pin 4 is connected to case. 
-25°C to +85°C and —55°C to +125°C temperature ranges. (2) On Flat Package, pin 4is connected to bottom of package. 


MAXIMUM RATINGS 


Input Voltage Range Am105/205/305A 50 V 
Am305 40V 
Input-Output Voltage Differential 40V 


Internal Power Dissipation (Note 1) 
Metal Can (Similar to TO-99) and Flatpak Am105/205/305 
Metal Can (Similar to TO-99) Am305A 


Operating Temperature Range 


Am105 —55°C to +125°C 
Am205 —25°C to +85°C 
Am305/305A 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 2) Am105 
Parameter Am305 Am305A Am205 
(see definitions) Conditions Min Typ Max Min Typ Max Min Typ Max Units 


Output Voltage Range 4.5 30 [45 02240 | 


Input-Output 30 


30 | 3.0 30 
Voltage Differential 


Vin- Vour < 5V 0.025 0.06 0.025 0.06 0.025 0.06 
Vin- Vou 2 5V 0.015 0.03 0.015 0.03 0.015 0.03 


O0<Ilo<12mA 

Rog = 182, T, = 25°C 
Rog = 152, T, = T,(max) 
Rog = 102, T, = T,(max) 
Rog = 182, Ty, = T,(min) 
0<In5< 45mA 

Rsc = on, Ta = 25°C 
Rog = O02, Ta = T, (max) 
Roc = 02, Ty = T, (min) 


Line Regulation 
(Note 3) 


Load Regulation 
{Note 3) 


0.02 
0.03 


0.05 
0.1 


0.03 
0.03 


0.01 
0.1 


0.03 0.1 


1.63 41.70 1.81 
0.003 0.01 0.003 


Feedback Sense Voltage 


Ripple Rejection 


Crce =10 ul, f = 120 Hz 


Output Noise Voltage 10 Hz < f < 10 kHz 


Crer = 0 ‘% 

Cree > 0.1 uf % 
Standby Current Drain Vi, = 40V 0.8 2.0 

V,, = 50V 0.8 2.0 0.8 2.0 mA 


Long Term Stability 
Temperature Stability 


0.1 1.0 : 
Current Limit Sense Reo = 102, T, = 25°C 225 300 375 
Voltage (Note 4) Vour = OV 


DEFINITION OF TERMS 


INPUT VOLTAGE RANGE The range of dc input voltages over 
which the regulator will operate within specifications. 


OUTPUT VOLTAGE RANGE The range of regulated output voltages 


over which the specifications apply. 

OUTPUT-INPUT VOLTAGE DIFFERENTIAL The voltage difference 
between the unregulated input voltage and the regulated output 
voltage for which the regulator will operate within specifications. 
LINE REGULATION The percentage change in regulated output 
voltage for a change in input voltage. 

RIPPLE REJECTION The line regulation for ac input signals at or 
above a given frequency with a specified value of bypass capacitor 
on the reference bypass terminal. 

LOAD REGULATION The percentage change in regulated output 
voltage for a change in load from zero to the maximum load current 
specified. 

CURRENT-LIMIT SENSE VOLTAGE The voltage across the current 
limit terminals required to cause the regulator to current-limit with 
a short circuited output. This voltage is used to determine the value 
of the external current-limit resistor when external booster transis- 
tors are used. 

TEMPERATURE STABILITY The percentage change in output volt- 
age for a thermal variation from room temperature to either temper- 
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FEEDBACK SENSE VOLTAGE The voltage, referred to ground, on 
the feedback terminal of the regulator while it is operating in 
regulation. 


OUTPUT NOISE VOLTAGE The average ac voltage at the output 
with constant load and no input ripple. 

STANDBY CURRENT DRAIN That part of the operating current of 
the regulator which does not contribute to the load current. 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 25°C and the Flat Package at 
5.4 mW/°C for operation at ambient temperatures above 
57°C. . 

Note 2: These specifications apply over the operating temperature 
range , for input and output voltages within the ranges 
given, and for a divider impedance seen by the feedback 
terminal of 2k, unless otherwise specified. The load 
and line regulation specifications are for constant junction 
temperature. Temperature drift effects must be taken into 
account separately when the unit is operating under con- 
ditions of high dissipation. 

Note 3: The output currents given, as well as the load regulation, 
can be increased by the addition of external transistors. 
The improvement factor will be roughly equal to the com- 
posite current gain of the added transistors. 


Note 4: With no external pass transistor. 


PERFORMANCE CURVES 


Standby Current Drain Load Regulation 
As A Function Of Characteristics With 
Input Voltage Load Regulation Current Limiting 


STANDBY CURRENT- mA 
OUTPUT VOLTAGE DEVIATION-% 


10 20 30 
INPUT VOLTAGE -V LOAD CURRENT-mA LOAD CURRENT-mA 


OUTPUT VOLTAGE DEVIATION-—% 


Current Limiting 
Sense Voltage As A 
Function of Junction Optimum Divider 
Temperature Short Circuit Current Resistance Values 


RI/R2=2k2 
R1= 1.11 Voyt 


CURRENT LIMIT SENSE VOLTAGE-V 
(=) 
SHORT CIRCUIT CURRENT-mA 
RESISTANCE-kQ. 


.2 
-75 -50-25 0 25 50 75 100 125 150 ~75 -50-25 0 25 50 75 100 125150 2 
JUNCTION TEMPERATURE-°C JUNCTION TEMPERATURE-°C OUTPUT VOLTAGE-V 


Current Limiting 
Transient Response Supply Voltage Rejection Characteristics 


ae 2s aa 
ee ee ee ea ee 


TIME-ys INPUT-OUTPUT VOLTAGE DIFFERENTIAL- V OUTPUT CURRENT mA 


OUTPUT VOLTAGE DEVIATION — mV 
SUPPLY VOLTAGE REJECTION-%/V 
RELATIVE OUTPUT VOLTAGE-V 


Minimum Output Voltage Minimum Input Voltage Regulator Dropout Voltage 


Aa 


oe te 
Pe 
ss ae ca 
ee oe 
ar er 


_- 
cope tory » : i i 
Pee dis WILD eat he lec eeldheuk Shee este | 
ae eeaee ali al eels eof 


25 6 
-75 -50-25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
TEMPERATURE -°C TEMPERATURE-°C TEMPERATURE -°C 


INPUT VOLTAGE-V 
INPUT VOLTAGE-V 


OUTPUT VOLTAGE-V 
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ADDITIONAL APPLICATIONS 


Linear Regulator with 
Foldback Current Limiting 


PHYSICAL DIMENSIONS 


Metal Can 


0.370 pia, 
0.335 Me 


SEATING t 


Note: All dimensions are in inches. 
Leads are gold plated Kovar. 


Metallization and Pad Layout 
38 x 48 Mils 


a || — : 
et | ADVANCED 


come. 
FEEDBACK 


CURRENT ——| 
LIMIT 


eae MICRO 
qe Te DEVICES INC. 
BoosTeR —| a |—— REF. sie 901 Thompson Place 
yas Sunnyvale 
inrur oe California 94086 


(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Am106/206/306 


Voltage Comparator/Buffer 


Distinctive Characteristics ¢ 100% reliability assurance testing in compliance with 
® Functionally, electrically, and pin-for-pin equivalent MIL STD 883. : . ' 
to the Nationat LM NOe/SN6/s06" P q e Electrically tested and optically inspected die for 


assemblers of hybrid products. 


* Drives RTL, DTL or TTL directly e Mixing privileges for obtaining price discounts. 
e Output can switch voltages up to 24 V@ 100 mA Refer to price list. 
e Fan-out of 10 with DTL or TTL e Available in metal can and hermetic flat package. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 
The Am106/206/306 are high-speed voltage comparators/ 

buffers designed to be used in applications where high ac- 

curacy and fast response times are required. The device is 

useful as a pulse-height discriminator, relay or lamp driver 

or a line receiver. ca 


NON — INV. 6 
INPUT 


INVERTING 
INPUT 


—— 
GND. STROBES 


APPLICATION 


Level Detector With Hysteresis 


Upper and Lower Trip Points: 
R, [Vo max ~ Veerl 


Vor = Vece + 
UT REF R, +R; 


and 
R, [Vo MIN ~ Veerl 
R, + R; 
Hysteresis = V,, = Vy; - Viz 


Vir = Veer + 


R, [Vo MAX ~ Vo Min] 
R, +R; 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 


Part Package Temperature Order 
Number Type Range Number Flat Package Metal Can 


Am306 Metal Can 0°C to 70°C LM306 
Am206 Metal Can —25°C to 85°C LM206 


Metal Can —55°C to 125°C LM106 PUT * nonnveatine d 
Flat Pak —55°C to 125°C LM106F INPUT 


Am106 Dice Note 4 LMDO6 


Am106 


Note 4: The dice supplied will contain units which meet O°C to +70°C, Note: Pin 6 connected 
—25°C to +85°C and —55°C to +125°C temperature ranges. to bottom of package. Note: Pin 4 connected to case. 


MAXIMUM RATINGS 
Positive Supply Voltage 15V 


Negative Supply Voltage -15V 
Output Voltage 24V 
Output to Negative Supply Voltage BON 
Differential Input Voltage +5V 
Input Voltage TTR TY 
Power Dissipation (Note 1) 600 mw 


Output Short Circuit Duration 10 sec 
Operating Temperature Range 


Am106 —55°C to +125°C 
Am206 —25°C to +85°C 
Am306 0°C to +70°C 
Storage Temperature Range | —65°C to +150°C 


Lead Temperature (soldering, 60 sec) 300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 2) 


Am106 
Am306 Am206 
Parameter (see definitions) ; Conditions Min Typ Max Min Typ Max Units 


Input Offset Voltage 


Saturation Voltage Vin S —5S MV, 1,;,, = 100 mA : 
Output Leakage Current Vin > SMV, BV < Voy; < 24V 002 20 | 002 10 | nA | 


The Following Specifications Apply Over The Operating Temperature Ranges 


Average Temperature Coefficient 
of Input Offset Voltage Tatminy S Ta S Tatmaxy | so 
0.6 5.0 


T, => T acmax} 
Note 3, Ty = Tarmin) 
25°C < Ty S Tamar) 
Taminy & Ta S 25°C 


Input Offset Current 


Average Temperature Coefficient 
of Input Offset Current 


RS 
> 


Input Bias Current 


Input Voltage Range -7V>V>-12V 


Differential Input Voltage Range be ee eT 
Saturation Voltage 
Saturation Voltage Vin < —S mV, I, < 16mA 
Positive Output Level 
Output Leakage Current 


+5.0 
1.0 


‘eB |- : [ 


Strobe Current Vetrobe = 0.4 V A 
Strobe ON Voltage ooo 

Strobe OFF Voltage link S 16MA 

Positive Supply Current Vin =—S mV mA 


Negative Supply Current 


Note 1:Derate metal can package at 6.8 mW/°C for operation at ambient temperatures above 60°C; derate flat package at 5.4 mW/°C for operation at ambient tempera- 
tures above 40°C. 
Note 2: These specifications apply for -—3V>V- > —-12V, V+ = 12 V and Ta = 25°C unless otherwise specified. 
Note 3: The offset voltages, offset currents, and bias currents given are the maximum values required to drive the output from the minimum output level up to the maxi- 
mum output level. Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and input impedance. 
7-16 Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. ; 


INPUT VOLTAGE — mV OUTPUT VOLTAGE — V 


VOLTAGE GAIN — V/mV 


INPUT CURRENT — pA 


Response Time For 
Various Input Overdrives 


—- NW ff Om 


0 20 40 60 80 100 120 
TIME — ns 


Voltage Gain 


0 
~75 -50-—25 0 25 50 75 100 125 
TEMPERATURE — °C 


Input Current 


0 
~75-50-25 O 25 50 75 100 125 
TEMPERATURE — °C 


Transconductance 


3°02 «21 «+O -1 -2 -3 -4 -5 
INPUT VOLTAGE — mv 


SATURATION VOLTAGE — V POWER DISSIPATION — mW OUTPUT VOLTAGE — V 


OUTPUT CURRENT —A 


PERFORMANCE CURVES 


Transfer Function 


-0.3~0.2 -0.1 0 01 02 03 04 
INPUT VOLTAGE — mV 


Power Consumption 
120 


100 


20 
~75 -50-25 0 25 50 75 100 125 


TEMPERATURE — °C 


Saturation Voltage 


-75-50-25 0 25 50 75 100 125 
TEMPERATURE — °C 


Short Circuit Output Current 


0 
~75 -50 -25 0 25 50 75 100 125 
JUNCTION TEMPERATURE — °C 


POSITIVE SUPPLY CURRENT — mA .. OUTPUT VOLTAGE — Vv INPUT VOLTAGE — mV OUTPUT VOLTAGE — V 


NEGATIVE SUPPLY CURRENT — mA 


Response Time For 
Various Input Overdrives 


- NY wo fF Ww 


O 20 40 60 80 100 120 
TIME — ns 


Positive Output Level 


vt = +12V 
-3V >V~ >-12V 
Vin =+5 mV 


-75-50 -25 0 25 50 75 100 125 
TEMPERATURE — °C 


Positive Supply Current 


VIN 


+10 +12 +15 
POSITIVE SUPPLY VOLTAGE — V 


Negative Supply Current 


-3 -6 -9 -12 -15 
NEGATIVE SUPPLY VOLTAGE — V 


ADDITIONAL APPLICATIONS 


Level Detector and Lamp Driver Fast Response Peak Detector 


vit <24V 
© 


OUTPUT O 


ee 
OVERRIDE 


Relay Driver 


vit <24V0 


OUTPUT 
F.0.< 10 


INPUTS 


STROBE 
INPUTS 


*Optional for response time control 


Fisk backaee PHYSICAL DIMENSIONS Metal, can 


750 MIN. 
ais Ma 
1 Tomy 
SEATING 
PLANE 
8 LEADS 
9.018 pia. 


9.016 


re , — a —— 


= ~ | 
Pe 
ae eal 
070. ea Prin Note: All dimensions are in inches.  .934 


030 
Leads are gold plated Kovar. 


Metallization and Pad Layout 
33 x 46 Mils 


INPUT (+) cP) _—. ee 


ADVANCED 


MICRO 
DEVICES INC. 


ray Seas ay Ein 901 Thompson Place 


Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
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Am107/207/307 


Frequency Compensated Operational Amplifier 


Description: The Am107/207/307 Operational Amplifiers 
are functionally, electrically, and pin-for-pin equivalent 
to the National LM107/207/307. They are available in 
the hermetic metal can, flat package, and: dual-in-line 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883. 


packages. Mixing privileges for obtaining price discounts. 


Refer to price list. 
Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 
The Am107/207/307 monolithic operational amplifiers are 
internally frequency compensated and input/output overload 
protected. These differential input, class AB output amplifiers 
are intended to provide high accuracy and lower noise in high 
Impedance applications. The Am107/207/307 provide im- 
proved electrical parameters and are pin-for-pin replacements 
for the 709, 101, 101A and 741 in most applications. 


vV- vt 


INVERTING 
INPUT 


NON-INVERTING 
INPUT 


APPLICATIONS 


lf an input is driven from a low-impedance source, a series resistor, R, should be used to 
limit the peak instantaneous output current of the source to less than 100 mA. A large 
capacitor (>0.1uF) is equivalent to a low source impedance and should be protected 
R3 against by an isolation resistor . 
The amplifier output is protected against damage from shorts to ground or to the power 
supplies by device design. Protection of the output from voltages exceeding the specified 
operating power supplies can be obtained by isolating the output via limiting resistors 
R, or Rs. 


Input/Output Protection 


The power supplies must never become reversed, even under transient conditions. Reverse 
voltages as low as 1 volt can cause damage through excessive current. This hazard can be 
reduced by using clamp diodes of high-peak current rating connected to the device supply 
lines. 


CONNECTION DIAGRAMS 
Top View 


ORDERING INFORMATION 


Order 
Number 


LM307D 
LM307 


LM207D 
LM207. 
LM207F 


LM107D 
LM107 
LM107F 


LMDO7 


Part 
Number 


Package 
Type 
DIP 0°C to +70°C 
Metal Can 0°C to +70°C 
DIP —25°C - +85°C 
Metal Can —25°C - +85°C 
Flat Pak —25°C - +85°C 


DIP —55°C - +125°C 
Metal! Can —55°C - +125°C 
Flat Pak —55°C - +125°C 


Dice Note 4 


Temperature 


Range Metal Can 


NC 


Dual-In-Line 


Am307 


Am207 


NOTES: 
(1) On Metal Can, 
pin 4 is connected to case, 
(2) On DIP, pin 6 is connected 
to bottom of package. 


(3) On Flat Package, pin 5 is 
connected to bottom of package. 


Am107 


Am107 


Note 4: The dice supplied will contain units which meet 0°C to +70°C, —25°C to 
+85°C and ~55°C to +125°C temperature ranges. 


MAXIMUM RATINGS 


Supply Voltage 
Am107,Am 207, 
Am307 


Internal Power Dissipation (Note 1) 
Differential Input Voltage 

Input Voltage (Note 2) 

Output Short-Circuit Duration 


Operating Temperature Range 
Am107 
Am207 
Am307 


Storage Temperature Range 
Lead Temperature (Soldering, 60 sec.) 


+22V 
+18V 


500 mw 
+30V 
+15V 

Indefinite 


—55°C to +125°C 
—25°C to +85°C 
0°C to +70°C 


—65°C to +150°C 
300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 3) 


Parameter 


(see definitions) Conditions 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 


Input Resistance 


Supply Current 


Vo = +15V, Voy; = +10V, 
R, > 2ka 


Large Signal Voltage Gain 


Slew Rate 


Input Offset Current 


Average Temperature 
Coefficient of Input Offset Voltage 


Average Temperature 
Coefficient of Input Offset Current 


. Input Bias Current 


26°C < T 


< 
Tatmin STs 


A 
T 


V, = £15V, Voy; = £10V, 
Ri > 2ka 


Large Signal Voltage Gain 


V, = +20V 
Input Voltage Range Vo = 15V 
Common Mode Rejection Ratio Ry < 50 ka 


Supply Voltage Rejection Ratio Rg < 50 kQ 


V, = +15V, R, = 10 ka, 
R, = 2 kQ, 
T, = +125°C Vo = £20V 


Output Voltage Swing 


Supply Current 


DEFINITION OF TERMS 


AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
CURRENT The ratio of the change in Input Offset Current over 
the operating temperature range to the temperature range. 
AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
VOLTAGE The ratio of the change in Input Offset Voltage over 
the operating temperature range to the temperature range. 
COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the peak-to-peak change in input offset voltage over this 
range. 

INPUT BIAS CURRENT The average of the two input currents. 
INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals through two equal resistances to obtain 
zero output voltage. 

INPUT RESISTANCE The ratio of the change in input voltage to 
the change in input current on either input with the other grounded. 
INPUT VOLTAGE RANGE The range of voltages on the input 
terminals for which the offset specifications apply. 

LARGE-SIGNAL VOLTAGE GAIN The ratio of the output voltage 
swing to the change in input voltage required to drive the output 
from zero to this voltage. 

OUTPUT RESISTANCE The resistance seen looking into the out- 


7-20, Put terminal with the output at null. 


Am307 
Min Typ Max Min Typ ' Max Units 


OUTPUT SHORT-CIRCUIT CURRENT The maximum output current 
available from the amplifier with the output shorted to ground or to 
either supply. 

OUTPUT VOLTAGE SWING The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 


POWER SUPPLY REJECTION RATIO The ratio of the change in 
input offset voltage to the change in power supply voltages pro- 
ducing it. 

SUPPLY CURRENT The current required from the power supply 
to operate the amplifier with no load and the output at zero. 
SLEW RATE The internally-limited rate of change in output voltage 
with a large-amplitude step function applied to the input. 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 75°C, the Dual In-Line package 
at 9 mW/°C for operation at ambient temperatures above 
95°C, and the Flat Package at 5.4 mW/°C for operation at 
ambient temperatures above 57°C. 


Note 2: For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 


"Note 3: Unless otherwise specified, these specifications apply for 


supply voltages from +5y to +20V for the Am107 and 
Am207 and from +5V to +15V for the Am307. 


VOLTAGE GAIN — dB 


GUARANTEED PERFORMANCE CURVES (Note 3) 
(Curves apply over the Operating Temperature Ranges) 


Input Voltage Range Output Swing Voltage Gain 


INPUT VOLTAGE RANGE-tV 
OUTPUT VOLTAGE SWING - tV 
VOLTAGE GAIN-dB 


SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-tV SUPPLY VOLTAGE-tV 


PERFORMANCE CURVES (Note 3) 


Input Current—Am107, Am207 Input Current—Am307 Voltage Gain 


a 
‘ ‘ : 
4 t z 
re rf z 
: : : 
5 0 
3 3 < 
t Lad 5 
5 5 a 
a a. 
< < > 


75 -50 -25 0 25 50 75 100 125 
TEMPERATURE-°C TEMPERATURE~C SUPPLY VOLTAGE-£V 


Current Limiting Input Noise Voltage Input Noise Current 


OUTPUT VOLTAGE SWING — +V 


MEAN SQUARE NOISE VOLTAGE -V?2/Hz 
3 


N 
x 
a 
« 
1 
i 
Zz 
w 
fog 
c 
=] 
o 
w 
ed 
° 
z 
wy) 
toad 
< 
2 
fe} 
“nm 
z 
< 
wi 
= 


10k 
OUTPUT CURRENT-tmA  EReaiENee FREQUENCY-Hz 


= 


Open Loop Large Signal Voltage Follower 
Frequency Response mn Response Pulse Response Supply Current 


| 
FH 
CLIN GI 
LT Su 


0 
00 1k 10k 100k 1M 10M 10k 
FREQUENCY-Hz FREQUENCY-Hz TIME-us SUPPLY VOLTAGE-tV 


OUTPUT SWING (+V) 


OUTPUT VOLTAGE SWING-V 
SUPPLY CURRENT~mA 
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ADDITIONAL APPLICATION INFORMATION 


Stray Input Capacitance/Large Large Capacitive Loads 
Feedback Resistance 
R2 


Stability is guaranteed for source resistances less than 10k, stray capacitances on the 
summing junction less than 5 pF, and capacitive loads smaller than 100 pF. If any of these 
conditions is not met, lead capacitors may be used in the feedback network to negate the 
effect of stray capacitance and large feedback resistors, or an RC network can be added to 
isolate capacitive loads. Power supplies should be bypassed to ground at one point, minimum, 
on each card. More bypass points should be considered for five or more amplifiers on a 
single card. 


PHYSICAL DIMENSIONS 


Metal Can 
Fiat Package 


.040 
MAX. 


SEATING J 


Note: All dimensions are in inches. 
Leads are gold plated Kovar. 


Metallization and Pad Layout 
49 x 56 Mils 


-_—_. INPUT (-} 


INPUT (+) —— 


ADVANCED 
: MICRO 
OuTPUT DEVICES INC. 


901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
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Am108/208/308 
Am108A/208A/308A 


Operational Amplifier 


Description: The 108, 208, 308, 108A, 208A and 308A 
monolithic operational amplifiers are functionally, elec- 
trically and pin-for-pin equivalents to the National 
LM108, LM208, LM308, LM108A, LM208A and LM308A. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883 


They are available in the hermetic TO-99 metal can, 


sare Mixing privileges for obtaining price discounts. 
dual-in-line, and flat packages. 


Refer to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 
Frequency Compensation Circuits 


FUNCTIONAL DESCRIPTION 


These differential input, precision amplifiers provide low input 
current and offset voltage competitive with FET and chopper Ro 
stabilized amplifiers. They feature low power consumption NINPUT. Ry Near Bs 

over a supply voltage range of +2V to +20V. The amplifiers OUTPUT 

may be frequency compensated with a single external ca- 

pacitor and are pin-for-pin interchangeable with the 101A/ ped cen NOW INGER Inc 
201A/301A. The 108A, 208A, and 308A are high performance INPUT INPUT 


selections from the 108/208/308 amplifier family. 


APPLICATIONS 


Connection of Input Guards 


cf C\ = 
T ey 
a Am108 Am108 


Cy) i a 7 


INVERTING AMPLIFIER FOLLOWER NON-INVERTING AMPLIFIER 


NOTE: Ri R2 


Ri + Ra Must be LOW impedance 


*Use to compensate for large source resistances. 


ORDERING INFORMATION 


Part Package Temperature Order 
Number Type Range Number 
DIP 0°Cc - 70°C LM308D 

Am308 Metal Can 0°C - 70°C LM308 


DIP 0°C - 70°C LM308AD 
Metal Can 0°C - 70°C LM308A 


DIP —25°C - 85°C LM208D 
Am208 Metal Can —25°C - 85°C LM208 
Flat Pak —25°C - 85°C LM208F cal actuated INVERTING 


DIP —25°C - 85°C LM208AD INPUT 
Metal Can —25°C - 85°C LM20BA 
Flat Pak —25°C - 85°C LM208F 


DIP —55°C - 125°C . LM108D 
Metal Can —55°C - 125°C LM108 
Flat Pak —55°C - 125°C LM108F 


DIP —55°C - 125°C LM108AD 
Metal Can —55°C - 125°C LM108A 9 COMP B 
Flat Pak —55°C - 125°C LM108F INVERTING p—4 8 ve 
INPUT ls | 
Am108 Dice Note 5 LMDO8 NON INVERTING [— J oureut 
Note5: The dice supplied will contain units which meet 0°C to +70°C, —25°C to Cay 
+85°C and —55°C to +125°C temperature ranges. 


CONNECTION DIAGRAMS 
Top Views 


Metal Can 


FREQ. COMP. B. 


Dual-In-Line 


Am308A 


Am208A 


NOTES: 


(1) On Metal Can, 
pin 4 is connected to case. 


Am108A 
m (2) On DIP, pin 7 is connected 


. to bottom of package. 


(3) On.Flat Package, pin 6 is 
connected to bottom of package. 
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MAXIMUM RATINGS 


Supply Voltage 
Am108, 208, 108A, 208A, +20V 
Am308, 308A +18V 
Internal Power Dissipation (Note 1) 500 mw 
Differential Input Current (Note 2) +10mA 
Input Voltage (Note 3) +15V 
Output Short-Circuit Duration Indefinite 


Operating Temperature Range 


Am108, 108A —55°C to +125°C 
Am208, 208A —25°C to +85°C 
Am308, 308A 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 4) 
Am108 Am108A 
Parameter Am308 Am308A Am208 Am208A 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 
. Input Offset Voltage 2.0 7.5 0.3 0.7 2.0 03 #05 | mV 
Input Offset Current 0.2 1.0 0.2 0.05 0.2 0.05 0.2 
Input Bias Current 15 7 1.5 0.8 2.0 0.8 2.0 
Input Resistance 10 40 10 40 70 300 = 70 MQ 
V; = +20V 0.3 0.6 03 0.6 
Supply Current Ve = #15V 0.3 0.3 mA 
Large Signal Voltage Gain vs . Ba a Vour = =10V,] 95 300 | 80 300 300 80 300 V/mV 
Lo 


The Following Specifications Apply Over The Operating Temperature Ranges 


input Offset Voltage ens) a 
input Offset Gurren 35] 1 2 


Average Temperature 
Coefficient of Input Offset Voltage 


Coefficient of Input Oftset Current 2 10} 20 10 05 25) 05 25 | pasrc 
Input Bias Current 10 10 3.0 3.0 | nA 
Large Signal Voltage Gain MI z “3 4 Vout = =10V,) 45 60 25 40 v/mvV 
Input Voltage Range Vo = +15V +13.5 +#13.5 +£13.5 +£13.5 Vv 
Common Mode Rejection Ratio - 80 100 96 110 85 100 96 110 dB 
Supply Voltage Rejection Ratio 80 96 96 110 80 96 96 110 dB 
Output Voltage Swing V, = +15 V, R, = 10 ko, +13 +14 +13 +14 +13 +14 +138 +14 Vv 
Supply Current ai = +125°C V, = +20V 0.15 0.4 0.15 0.4 | mA 


DEFINITION OF TERMS 

AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
CURRENT The ratio of the change in Input Offset Current over 
the operating temperature range to the temperature range. 
AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
VOLTAGE The ratio of the change in Input Offset Voltage over 
the operating temperature range to the temperature range. 
COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the peak-to-peak change in input offset voltage over this 
range. 

INPUT BIAS CURRENT The average of the two input currents. 
INPUT OFFSET CURRENT The differénce in the currents into the 
two input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals through two equal resistances to obtain 
zero output voltage. 

INPUT RESISTANCE The ratio of the change in input voltage to 
the change in input current on either input with the other grounded. 
INPUT VOLTAGE RANGE The range of voltages on the input 
terminals for which the offset specifications apply. 

LARGE-SIGNAL VOLTAGE GAIN The ratio of the output voltage 
swing to the change in input voltage required to drive the output 
from zero to this voltage. 

OUTPUT RESISTANCE The resistance seen looking into the out- 
put terminal with the output at null. 

OUTPUT SHORT-CIRCUIT CURRENT The maximum output current 
available from the amplifier with the output shorted to ground or to 


7-24 either supply. 


OUTPUT VOLTAGE SWING The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

POWER SUPPLY REJECTION RATIO The ratio of the change in 
input offset voltage to the change in power supply voltages pro- 
ducing it. 

SUPPLY CURRENT The current required from the power supply 
to operate the amplifier with no load and the output at zero. 


NOTES 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 75°C and the Dual In-Line 
package at 9 mW/°C for operation at ambient temperatures 
above 95°C, and the Flat Package at 5.4 mW/°C for oper- 
ation at ambient temperatures above 57°C. 

Note 2: The inputs are shunted with back-to-back diodes for over- 
voltage protection. Therefore, excessive current will flow 
if a differential input voltage in excess of 1 V is applied be- 
tween the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than +15 V, the maximum input 
voltage is equal to the supply voltage. 

Note 4: Unless otherwise specified, these specifications apply for 
supply voltages from +5V to +20 V for the Am108, Am208, 
Am108A and Am208A and from +5V to +15V for the 
Am308 and Am308A. 


TYPICAL PERFORMANCE CURVES 


Input Currents Maximum Drift Error Maximum Offset Error 


INPUT CURRENT-nA 
DRIFT ERROR — pV/°C 


108/108A: ~55°C < T, < 128°C 
208/208A: ~25°C ST, S 85°C 
OCS Tas 70°C 


108/108A: —55°C <T, < 125°C 
208/208A: -25°C <T, < 85°C 
308/308A: O°C<Ta< 70°C 


EQUIVALENT INPUT OFFSET VOLTAGE — mV 


0 
—-55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE -°C INPUT RESISTANCE — 2 INPUT RESISTANCE — Q 


Power Supply Rejection Input Noise Voltage Voltage Gain 


cl NEGATIVE SUPPLY Ihe a 


RVhe POSITIVE SUPPLY 
‘LUT 


Her TT 
Rime ——— 

tas = of to = 
Bm [ [| mar 


INPUT NOISE -nV/,/Hz 


SUPPLY REJECTION-dB 
VOLTAGE GAIN-dB 


Ty = 25°C 
Vg=ti5V 
Ay=1 

tk 


FREQUENCY -Hz FREQUENCY - Hz SUPPLY VOLTAGE-+V 


. Open Loop 
Output Swing Supply Current Frequency Response 


16 ~~] | 
CASS RET 


PHASE LAG - deg. 


OUTPUT SWING-+tV 
SUPPLY CURRENT-ypA 
VOLTAGE GAIN-dB 


1k 10k 100k 1M 10M 
OUTPUT CURRENT-tmA SUPPLY VOLTAGE-+tV FREQUENCY-Hz 


Closed Loop Large Signal Voltage Follower 
Output Impedance Frequency Response Pulse Response 


TTT TT a 
Ee eS oe Vs [3 415 Vv 


PEN finpury /ourrur | 
Bachan’ Has 


OUTPUT SWING-+V 


OUTPUT IMPEDANCE-2 
VOLTAGE SWING-V 


= 


1k “10k 100k 1M 10M 0 20 40 60 80 100 120140160 
FREQUENCY-Hz FREQUENCY-Hz TIME -ys 


ADDITIONAL APPLICATION INFORMATION 
GUARDING 


Extra care must be taken in the assembly of printed circuit boards to take full advantage of the low input 
currents of the 108 amplifier. Boards must be thoroughly cleaned with TCE or alcohol and blown dry with 
compressed air. After cleaning, the boards should be coated with epoxy or silicone rubber to prevent con- 
tamination. 

Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, particularly 
since the input pins are adjacent to pins that are at supply potentials. This leakage can be significantly 
reduced by using guarding to lower the voltage difference between the inputs and adjacent metal runs. 
Input guarding of the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs are empty when it is inserted in the board. The 
guard, which is a conductive ring surrounding the inputs, is connected to a low-impedance point that is at 
approximately the same voltage as the inputs. Leakage currents from high-voltage pins are then absorbed 
by the guard. 

The pin configuration of the dual-in-line package is designed to facilitate guarding, since the pins 
adjacent to the inputs are not used (this is different from the standard 741 and 101A pin configuration.) 


COMPENSATION 


SL, 


OUTPUT & 7 
6 


Vt 


BOTTOM VIEW 


Board layout for Input Guarding 
with TO-99 package. 


PHYSICAL DIMENSIONS 


Metal Can 


0.370 
0.335 Pie 


Dual-In-Lin 
Flat Package . aes 


040 
MAX. 


SEATING —F 
PLANE 


8 LEADS 


0.019 4, 
0.016 


Note: All dimensions are in inches. 
Leads are gold plated Kovar. 


Metallization and Pad Layout 
56 x 56 Mils 


ADVANCED 


MICRO 
DEVICES INC. 


INPUT (+) —_) 901 Thompson Place 
Sunnyvale 

California 94086 

(408) 732-2400 

TWX: 910-339-9280 

TELEX: 34-6306 
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Am110/210/310 


Voltage Follower 


Distinctive Characteristics 


¢ The Am110/210/310 are functionally, electrically, and ¢ 100% reliability assurance testing in compliance with 
pin-for-pin equivalent to the National LM 110/210/310 MIL STD 883. ; 
esi te: 30V/ e Electrically tested and optically inspected dice for 
ew rate: BS hybrid manufacturers. 
e Small signal bandwidth: 20 MHz ¢ Mixing privilege for obtaining price discounts. 
e Input current: 10 nA max. over temperature Refer ie pace list. ; gs! i 
e Available in metal can, hermetic dual-in-line or 


e Supply voltage range: +5V to +18V hermetic flat packages. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am110/210/310 are voltage followers featuring high- 
speed, Jow-input currents and large input voltage range. They 
are internally compensated with provision for external! offset 
adjustment. Operation over wide supply voltages and temper- 


ature is possible. 
OUTPUT 


— 
BALANCE BOOSTER 


TYPICAL APPLICATION 


Fast Integrator With 
Low-Input Current 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Part Package Temperature Order Top: views 
Number Type Range Number Duai-In-Line Metal Can 


Metal Can 0°C - +70°C LM310 BALANCE B 
DIP 


Am310 0°C - +70°C LM310D 


7 


Flat Pak 0°C-+70°C | LM310F BALANCE Af vw 


Meta! Can —25°C - +85°C LM210 NC 2 8 OUTPUT 
DIP —25°C - +85°C LM210D 
Flat Pak —25°C - +85°C LM210F INPUT 3 5 BOOSTER 


4 


Metal Can —55°C - +125°C LM110 v- 
Am110 DIP —55°C - +125°C LM110D NOTES: 
Flat Pak —55°C-+125°C LM110F (1) On Metal Can, 
‘ in 4 is connected to case. 
Dice Note LMD10 F 
(2) On DIP, pin 6 is connected 
Note: The dice supplied will contain units which meet 0° to 70°C, to bottom of package. 
_ 0, fey —_ fe} 2. O, 3 7 
25°C to + 85°C and —55°C to +125°C temperature ranges (3) On Flat Package, pin 5 is 
connected to bottom of package. 


Am210 


MAXIMUM RATINGS 


Supply Voltage 

Internal Power Dissipation (Note 1) 
Input Voltage (Note 2) ; 
Output Short-Circuit Duration (Note 3) 


Operating Temperature Range Am110 
Am210 
Am310 


Storage Temperature Range 
Lead Temperature (soldering, 60 sec) 


+18V 
500 mW 
+15V 
Indefinite 


—55°C to +125°C 
—25°C to +85°C 
o°Cto +70°C 


—65°C to +150°C 
300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 4) 


Parameter 


(see definitions) Conditions 


Input Offset Voltage 


Input Capacitance 
Large-Signal Voltage Gain 
Output Resistance 
Supply Current 

Slew Rate 


Average Temperature 
Coefficient of Input Offset Voltage 


—55°C < T, < 85°C 
+85°C <T, < 125°C 


DEFINITION OF TERMS 


INPUT BIAS CURRENT The current flowing into the input of the 
amplifier with the input at zero. 

INPUT OFFSET VOLTAGE The voliage measured at the output of 
the amplifier with the input at zero. 

INPUT RESISTANCE The ratio of the rated output voltage swing 
to the change in the input current required to drive the output from 
zero to this voltage. 

LARGE-SIGNAL VOLTAGE GAIN _ The ratio of the maximum output 
voltage swing with load to the change in input voltage required to 
drive the output from zero to this voltage. 

SUPPLY CURRENT The DC current from the supplies required to 
operate the amplifier with the output at zero and with no load 
current. 

OUTPUT RESISTANCE The ratio of the output voltage change to 
the change in the output current with constant input voltage. 
SLEW RATE The internally-limited rate of change in output voltage 
with a large-amplitude step function applied to the input. 


SUPPLY VOLTAGE REJECTION RATIO The ratio of the change in 
input offset voltage to the change in supply voltage producing it. 
OUTPUT VOLTAGE SWING The peak output swing, referred to 


7-28 zero, that can be obtained without clipping. 


Am310 


R, =8kQ, V4 = +10V, V>= +15V | 0.999 0.9 


V5 = +15 V, Viy = £10V, R, = 10 ko 


AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
VOLTAGE The ratio of the change in Input Offset Voltage over 
the operating temperature range to the temperature range. 


NOTES 

Note 1: Derate Metal Can package 6.8 mW/°C for operation at am- 
bient temperatures above 75°C, the Dual In-Line at 9 mW/°C 
for operation at ambient temperatures above 95°C, and the 


Flat Packages at 5.4 mW/°C for operation at ambient tem- 
peratures above 57°C. 


Note 2: For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 


Note 3: To prevent damage when the output is shorted, it is neces- 
sary to insert a resistor larger than 2 kQ in series with the 
input. Continuous short circuit is allowed for case tempera- 
tures to 125°C and ambient temperatures to 70°C for the 
110/210. For 310, the corresponding temperatures are 70°C 
and 55°C respectively. 


Note 4: Unless otherwise specified, these specifications apply for 
supply voltages from +5 to +18 V. 


Note 5: Greater output voltage swing can be obtained by con- 
necting a resistor from booster terminal to V—. 
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OUTPUT SWING-V 


Large Signal Pulse Response 
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APPLICATIONS 


Offset Nulling Circuit Increasing Negative 
Swing Under Load 


OUTPUT 


BOOSTER 


Roe 
5.1k2 


R, 2 1002 *May be added to reduce 


internal dissapation. 


Fast Inverting Amplifier 


Differential Input 
With High Input Impedance 


Instrumentation Amplifier 


Cy 
5pF 


OUTPUT 


INPUTS 


PHYSICAL DIMENSIONS 
Metal Can Flat Package Dual-In-Line 


0.370 
0336 DIA; 


040 
MAX. 


SEATING F 
PLANE 


8 LEADS 


eral et 
Bat [hep lap a 


Note: All dimensions. re’.in ‘inches 
EES 4 
Leads are gotd plated Ko 


ome ad 


ad ‘Layout 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am 112/212/312 


Compensated, High-Performance Operational Amplifier 


Distinctive Characteristics 


@ The Am112/212/312 are functionally, electrically, 
and pin-for-pin equivalents to the National 
LM112/212/312. 

Low input bias currents: 800pA 

Low input offset currents: 5OpA 

Low power consumption: 3mW 

Internal frequency compensation. 

Offset nulling provisions. 


FUNCTIONAL DESCRIPTION 


The Am112/212/312 are compensated high-performance 
operational amplifiers featuring very low offset voltage and 
input current errors competitive with FET and chopper- 
stabilized amplifiers. The devices will operate over a supply 
voltage range of t2V to +20V, drawing a typical quiescent 
current of only 300uA. The Am112/212/312 are internally 
frequency compensated and provision is made for offset 
adjustment with a single potentiometer. Overcompensation 
providing a greater stability margin is. possible and the 
internal protection of the MOS capacitor makes it immune 
from overvoltage transients. 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


@ Electrically tested and optically inspected die for 
assemblers of hybrid products. 

@ Mixing privileges for obtaining price discounts. Refer 
to price list. 

@ Available in metal can, hermetic dual-in-line or 
hermetic flat packages. 


FUNCTIONAL DIAGRAM 


Overcompensation 
for Greater 
Stability Margin 


vt v7 COMPENSATION 
O O O 


INVERTING 
INPUT 


OUTPUT 
O 


NON-INVERTING 
INPUT 
O 


Cg = 1000pF 


1 


TYPICAL APPLICATIONS 
Connection of input guards and offset null 


Ovt 


INVERTING AMPLIFIER 


*Use to compensate for large source resistances. 


ORDERING INFORMATION 
Package Temperature Order 
Type Range. Number 


DIP o°Cc- 70°C LM312D 
Metal Can o°c - 70°C LM312 
Dice Note 5 LMD 12 


DIP —25°C-85°C  LM212D 
Metal Can —25°C-85°C LM212 
Flat Pak —25°C-85°C  LM212F 


DIP —55°C-125°C LM112D 

Metal Can —55°C- 125°C aH 12 

FlatPak —55°C-125°C  LM112F 
Dice Note 5 LD112 


Note 5. The dice supplied have been electrically tested at 25°C to their 
respective device limits. 


Am212 


‘Am112 


OUTPUT 


FOLLOWER 


CONNECTION DIAGRAMS 
Top Views 


Metal Can 
saat a [ol 


Dual-In-Line 


INVERTING s oS QUTPUT 
INPUT 
NON-INVERTING Q COMPENSATION 
INPUT 0 


NOTES: 

(1) On metal can, pin 4 is 
connected to case. 

(2) On DIP, pin 7 is connected 
to bottom of package. 

) On flat package, pin 6 is 
connected to bottom of 
package. Compensation 
terminal is not brought 
out on the flat package. 


MAXIMUM RATINGS 


Supply Voltage 
Am112, 212 
Am312 


Internal Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage (Note 3) 

Output Short-Circuit Duration 


Operating Temperature Range 
Am112 
Am212 
Am312 

Storage Temperature Range 


Lead Temperature (Soldering, 60 sec.) 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise apeciticd) (Note 4) 
m 


Parameter 


(see definitions) Conditions 


Input Offset Voltage 


Input Resistance 
Supply Current 


VouT = 210V, Vg = +15V 


Large Signal Voltage Gain Ri > 10k 


The Following Specifications Apply Over The Operating Temperature Ranges 


Input Offset Voltage 


Average Temperature Coefficient 
of Input Offset Voltage 


Input Offset Current 


Average Temperature Coefficient 
of input Offset Current 


Input Bias Current 


Supply Current Ta=tH 25°C 


Vs = +15V, Vout =1+10V 


Large Signal Voltage Gain Ri > 10k 


Output Voltage Swing Vs = #15V, RL = 10k2 
Input Voltage Range 
Common Made Rejection Ratio 


Supply Voltage Rejection Ratio 


POY et ott —] Ree 


RENT The ratio of the change in input offset current over the operating 

temperature range to the temperature range. 

AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET VOLT- 

AGE The ratio of the change in input offset voltage over the operating 

temperature range to the temperature range. 

COMMON MODE REJECTION RATIO The ratio of the input voltage 

range to the peak-to-peak change in input offset voltage over this range. 

INPUT BIAS CURRENT The average of the two input currents. 

INPUT OFFSET CURRENT The difference in the currents into the two 

input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied between 

the input terminals through two equal resistances to obtain zero output 

voltage. 

INPUT RESISTANCE The ratio of the change in input voltage to the 

change in input current on either input with the other grounded. 

INPUT VOLTAGE RANGE The range of voltages on the input terminals 

for which the offset specifications apply. 

OUTPUT RESISTANCE The resistance seen looking into the output 
7-32 terminal with the output at null. 


+20V 
+18V 


500mW 
+10mA 
+15V 
Indefinite 


—55°C to +125°C 
—25°C to +85°C 
0°C to +70°C 
—65°C to +150°C 
300°C 


Typ. Max. Min. Typ. Max. Units 


OUTPUT SHORT-CIRCUIT CURRENT The.maximum output current 
available from the amplifier with the output shorted to ground or to 
either supply. 

OUTPUT VOLTAGE SWING The peak output voltage swing, referred 
to zero, that can be obtained without clipping. 

POWER SUPPLY REJECTION RATIO The ratio of the change in input 
offset voltage to the change in power supply voltages producing it. 
SUPPLY CURRENT The current required from the power supply to 
operate the amplifier with no load and the output at zero. 


Note 1: Derate Metal Can package at 6.8mW/°C for operation at ambient 
temperatures above 75°C and the Dual-In-Line package at 
9mW/°C for operation at ambient temperatures above 95°C, and 
the Flat Package at 5.4mW/°C for operation at ambient tempera- 
tures above 57°C, 

Note 2: The inputs are shunted with Shunt diodes for overvoltage 
protection. Therefore, excessive current will flow if a differential 
input voltage in excess of 1V is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than +15V, the maximum input voltage 
is equal to the supply voltage. 

Note 4: Unless otherwise specified, these specifications apply for supply 
voltages from +5V to +20V for the Am112, Am212 and from 
+5 to +15V for the Am312. 
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TYPICAL PERFORMANCE CURVES 


OUTPUT SWING — tV SUPPLY REJECTION—cB DRIFT ERROR-pV/°C 
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ADDITIONAL APPLICATION INFORMATION 
GUARDING 


Extra care must be taken in the assembly of printed circuit boards to take full advantage of the low input currents of the 112 amplifier. 
Boards must be thoroughly cleaned with TCE or alcoho! and blown dry with compressed air. After cleaning, the boards should be 
coated with epoxy or silicone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, ‘particularly since the input pins are 
adjacent to pins that are at supply potentials. This leakage can be significantly reduced by using guarding to lower the voltage difference © 
between the inputs and adjacent metal runs. Input guarding of the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, 
with the leads of the device formed so that the holes adjacent to the inputs are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to a low-impedance point that is at approximately the same voltage as the 
inputs. Leakage currents from high-voltage pins are then absorbed by the guard. 

The pin configuration of the dual-in-line package is designed to facilitate guarding, since the pins adjacent to the inputs are not used 
(this is different from the standard Am741 and Am101A pin configuration.) 


COMPENSATION 


OUTPUT 


BOTTOM VIEW 


Note: Board layout for input Guarding with TO-99 package. 


PHYSICAL DIMENSIONS 


Metal Can Flat Package 


0.370 pia 
0.335 


040 
MAX. 
010 


SEATING 7 


“PLANE TF asco 
MIN. 
ee 2 
gos 00 0 ON 
0.016 


~0.070 0.015 MAX. 
GLASS: 


= ab 
= 
bw tlds 


Note: All dimensions are in inches. 
Leads are gold plated Kovar. 


Metallization and Pad Layout 
62 x 72 Mils 
NULL d ( 
NULL— 
INPUT(—) — valle 
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(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am 216/316-Am216A/316A 


Compensated, High-Performance Operational Amplifier 


Distinctive Characteristics 


The Am216/Am216A/Am316/Am316A are function- 
ally, electrically, and pin-for-pin equivalent to the 
National LM216/LM216A/LM316/LM316A. 

Low input bias currents: 5OpA 

Low input offset currents: 15pA 

Low power consumption: 3mW 

internal frequency compensation 

Offset nulling provisions 


FUNCTIONAL DESCRIPTION 


The Am216/Am216A/Am316/Am316A are compensated 
high performance operational amplifiers featuring extreme- 
ly low input-current errors. High input impedance achieved 
using supergain transistors in a Darlington input stage 
produces input bias currents that are equal to high quality 
FET amplifiers. These devices are internally frequency 
compensated and provision is made for offset adjustment 
with a single potentiometer. 


100% reliability assurance testing in compliance with 
MIL-STD-883. 

Electrically and optically inspected dice for assem- 
blers of hybrid products. 

Mixing privileges for obtaining price discounts. Refer 
to price list. 

Available in metal can, hermetic dual-in-line and flat 
packages. 


FUNCTIONAL DIAGRAM 
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TYPICAL APPLICATIONS 
Connection of Input Guards and Offset Null 


Inverting Amplifier 


“Use to compensate for large source resistances. 


ORDERING INFORMATION 


Package 
Type Range 
DIP 0°c- 70°C 
Metal Can o°c- 70°C 
Flat Pak oc - 70°C 
Dice Note 5 
DIP oc-70°C 
Metal Can o°c- 70°C 
Flat Pak oc - 70°C 
Dice Note 5 
DIP —25°C -85°C 
Metal Can —25°C - 85°C 
Flat Pak —25°C - 85°C 
Dice Note 5 
DIP —25°C - 85°C 
Metal Can —25°C - 85°C 
Flat Pak ~25°C- 85°C 
Dice Note 5 ~ 


Temperature Order 
Number 
LM316D 
LM316 
LM316F 
LMD16 


LM316AD 
LM316A 
LM316AF 
LMD16A 


LM216D 
LM216 
LM216F 
LD216 


LM216AD 
LM216A 
LM216AF 
LD216A 


Am316A 


Am216A 


Note 5: The dice supplied have been electrically tested at 25 C 
to their respective device limits. 


OUTPUT 


Follower 


CONNECTION DIAGRAMS 
Top Views 


Metal Can 
saa 


Inver (> OUTPUT 
NON-INVERTING ee an 
WeUT 0 

; Notes: 

Flat Package (1) On Metal Can, pin 4 

is connected to case. 

(2) On DIP, pin 7 is connected to 
bottom of package. 

(3) On Flat Package, pin 6 is 
connected to bottom of package. 


Compensation terminal is not 
brought out on the fiat package. 


Dual-In-Line 


Joarance 
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MAXIMUM RATINGS 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2} 

Input Voltage (Note 3) 

Output Short-Circuit Duration 

Operating Temperature Range 
Am216/Am216A 
Am316/Am316A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec.) 


+20V 
500 mw 
+10mA 
+15V 
Indefinite 


—25°C to 85°C 
0°C to 70°C 
—65°C to 150°C 
300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 4) 


Parameter 


(see definitions) Conditions 


Input Offset Voltage 


Vs = £15V, Vout = 10V 
Ry > 10k2 


Am216/Am216A 
3 


Am316/Am316A 


oO 


The Following Specifications Apply Over The Operating Temperature Ranges 


Ta = TMAX. 


Vs = +15V, VouT = £10V 
Ru 2 10k2 


Vg = +15V, RL = 10k2 
Vs =+15V 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 


Supply Current 


Supply Voltage Rejection Ratio 


DEFINITION OF TERMS 


AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFF- 
SET CURRENT The ratio of the change in input offset current 
over the operating temperature range to the temperature range. 
AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFF- 
SET VOLTAGE The ratio of the change in Input Offset Voltage 
over the operating temperature range to the temperature range. 
COMMON MODE REJECTION RATIO The ratio of the input 
voltage range to the peak-to-peak change in input offset voltage 
over this range. 

INPUT BIAS CURRENT The average of the two input currents. 
INPUT OFFSET CURRENT The difference in the currents into 
the two input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals through two equal resistances to 
obtain zero output voltage. 

- INPUT RESISTANCE The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

INPUT VOLTAGE RANGE The range of voltages on the input 

terminals for which the offset specifications apply. 

LARGE-SIGNAL VOLTAGE GAIN The ratio of the output 

voltage swing to the change in input voltage required to drive the 

output from Zero to this voltage. 

OUTPUT RESISTANCE The resistance seen looking into the 
7-36 output terminal with the output at null. 


a 
aso] 100 | aa 
ee ee 


co 


413 


dB (MIN.) 


OUTPUT SHORT-CIRCUIT CURRENT The maximum output 
current available from the amplifier with the output shorted to 
ground or to either supply. 

OUTPUT VOLTAGE SWING The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

-POWER SUPPLY REJECTION RATIO The ratio of the change 
in input offset voltage to the change in power supply voltages 
producing it. 

SUPPLY CURRENT The current required from the power 
supply to operate the amplifier with no load and the output 
at zero. 


NOTES 


Note 1: Derate Meta! Can package at 6.8mW/°C for operation at 
ambient temperatures above 75 C and the Dual-in-Line 
package at 9mW/°C for operation at ambient tempera- 
tures above 95°C, and the Flat Package at 5.4mW/°C 
for operation at ambient temperatures above 57°C. 


The inputs are shunted with back-to-back diodes for over- 
voltage protection. Therefore, excessive current. will 
flow if a differential input voltage in excess of 1V is 
applied between the inputs unless some limiting resist- 
ance is used. . 

For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 

Unless otherwise specified, these specifications apply for 
supply voltages from +5V to +20V. 
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Note 2: 


Note 3: 


Note 4: 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Currents Offset Error Input Current 
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ADDITIONAL APPLICATION INFORMATION 
GUARDING 


Extra care must be taken in the assembly of printed circuit boards to take full advantage of the low input 
currents of the Am216 amplifier. Boards must be thoroughly cleaned with TCE or alcoho! and blown dry 
with compressed air. After cleaning, the boards should be coated with epoxy or silicone rubber to prevent 
contamination. 

Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, particularly since 
the input pins are adjacent to pins that are at supply potentials. This leakage can be significantly reduced by 
using guarding to lower the voltage difference between the inputs and adjacent metal runs. Input guarding of 
the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, with the leads of the device formed so 
that the holes adjacent to the inputs are empty when it is inserted in the board. The guard, whichisa 
conductive ring surrounding the inputs, is connected to a low-impedance point that is at approximately the 
same voltage as the inputs. Leakage currents from high-voltage pins are then absorbed by the guard. 

The pin configuration of the dual-in-line package is designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 741 and 101A pin configuration.) 


COMPENSATION 


OUTPUT w 7 
6 


BOTTOM VIEW 


Note: Board layout for input Guarding with TO-99 package. 


PHYSICAL DIMENSIONS 


Metal Can Flat Package 


0.370 
0.335 os 
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NOTE: All dimensions are in inches. 
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Metallization and Pad Layout 
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Am118/218/318 


High-Speed Operational Amplifier 


Distinctive Characteristics 


e The Am118/218/318 are functionally, electrically, 
and pin-for-pin equivalent to the National 


@ 100% reliability assurance testing in compliance 
with MIL-STD-883. 
e Electrically tested and optically inspected dice for 


eet ese aesne hybrid manufacturers. 

e Slew rate: KS e Mixing privilege for obtaining price discounts. Refer 
© Small signal bandwidth: 15MHz to price list. 

e Internal frequency compensation e Available in metal can, hermetic dual-in-line or 
e Supply voltage range: +5V to +20V hermetic flat packages. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am118/218/318 are internally compensated high- 
speed operational amplifiers featuring minimum slew rate 
of 50V/us, low input bias currents, large input voltage 
range and excellent performance over a wide range of geneNGaReOre 
supply voltages and temperature. They have provision for 
increased speeds when operating in the inverting mode. 


vt v~ COMPENSATION 


NON-INVERTING INPUT O 


O 
BALANCE/COMPENSATION 


TYPICAL APPLICATION 
Fast Sample and Hold 


10pF 


2N4193 


O 
SAMPLE 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Part Package Temperature Order TOD Niows 
Number Type Range Number Dual-In-Line Metal Can 


Metal Can 0°C - +70°C LM318 comp.c 
Am318 DIP 0°C - +70°C LM318D Lo] 
Flat Pak 0°C - +70°C LM318F cow. ay a 
Metal Can —25°C - +85°C LM218 INVERTING & dS oureut 
Am218 DIP —25°C - +85°C LM218D ce 


NON-INVERTING 
INPUT 


Flat Pak —25°C - +85°C LM218F 7 recut 


Metal Can —55°C- +125°C LM118 
Am118 DIP —55°C - +125°C LM118D iG 
Flat Pak —5B°C - +125°C LM118F (1) On Metat Can, pin 4 


is connected to case. 


Am118 Dice Note LMD18 (2) On DIP, pin 6 is connected to 
bottom of package. 
(3) On Flat Package, pin 5 is 
/—J comp. B/BALANCE connected to bottom of package. 


Note: The dice supplied will contain units which meet 0° to 70°C, 
—25°C to +85°C and —55°C to +125°C temperature ranges. 


MAXIMUM RATINGS 


+20V 


Supply Voltage 

Internal Power Dissipation (Note 1) 500 mw 
Differential Input Voltage (Note 2) +5V 
Input Voltage (Note 3) t15V 
Output Short-Circuit Duration Indefinite 


Operating Temperature Range 


Am118 —55°C to +125°C 
Am218 —25°C to +85°C 
Am318 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T , = 25°C unless otherwise specified) (Note 4) Am118 
Parameter — Am318 Am218 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 


Vg = £15V, Voy = £10V 


Re > 2ko 25 200 


Ay = +1, Vg = #18V (Fig.1) 


Ry = 2k, Cy = 30pF sae 70 


The Following Specifications Apply Over The Operating Temperature Ranges 


Input Offset Voltage 


Rg < 5k2 
Vg = +15V, Voyy = £10V 
Ry > 2k2 


Input Offset Current 


Input Bias Current 


Vg = #15V 
Rg < 5k 
Rg < 5ka 
Vg = #15V, Ry = 2k2 


Supply Current Vg = +20V,T, = 125°C 


DEFINITION OF TERMS 


SLEW RATE The internally limited rate of change in output 
voltage with a large amplitude step function applied to the input. 
COMMON MODE REJECTION RATIO The ratio of the input 
voltage range to the peak-to-peak change in input offset voltage 
over this range. 

INPUT BIAS CURRENT The average of the two input currents. 
INPUT OFFSET CURRENT The difference in the currents into 
the two input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals through two equal resistances to 
obtain zero output voltage. 

INPUT RESISTANCE The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

INPUT VOLTAGE RANGE The range of voltages on the input 
terminals for which the offset specifications apply. 
LARGE-SIGNAL VOLTAGE GAIN The ratio of the output 
voltage swing to the change in input voltage required to drive the 
output from zero to this voltage. 

OUTPUT VOLTAGE SWING The peak output voltage swing, 


7-40referred to zero, that can be obtained without clipping. 


750 
20 
+11.5 
70 
+12 £13 


POWER SUPPLY REJECTION RATIO The ratio of the change 
in input offset voltage to the change in power supply voltages 


‘producing it. 


SUPPLY CURRENT The current required from the power 

supply to operate the amplifier with no load and the output at 

zero. 

NOTES 

Note 1: Derate Metal Can package at 6.8 mW/°C for operation 
at ambient temperatures above 75°C, the Dual-In-Line 
package at 9 mW/°C for operation at ambient tempera- 
tures above 95°C, and the Flat Package at 5.4 mW/°C 
for operation at ambient temperatures above 57°C. 

Note 2: The inputs are shunted with diodes for overvoltage 

protection. To limit the current in the protection 

diodes, resistances of 2kQ2 or greater should be inserted 
in series with the input leads for differentia! input 
voltages greater than t5V. 

Note 3: For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 

Note 4: Unless otherwise specified, these specifications apply for 
supply voltages from t5V to +20V. 


PERFORMANCE CURVES 


Voltage Gain Power Supply Rejection 


POSITIVE SUPPLY 
SS 


VOLTAGE GAIN — dB 


SUPPLY REJECTION RATIO — dB 


10 15 10k = =100k 
SUPPLY VOLTAGE — +V FREQUENCY — Hz 


Closed Loop 
Output Impedance 


Vg = £15V 
Ta = 25°C 


Common Mode Rejection 


_ 
NO 
°o 


= 
S 
jo) 


@o 
o 


Dp 
oO 


OUTPUT IMPEDANCE — 2 


COMMON MODE REJECTION RATIO — dB 


10k 100k 10k = 100k 
FREQUENCY — Hz FREQUENCY — H2 


Input Current 


Am118, Am218 Input Current—Am318 


INPUT CURRENT — nA 
INPUT CURRENT — nA 


20 30 40 50 60 


0 
-55-35-15 -5 25 45 65 85 105 125 
TEMPERATURE — °C TEMPERATURE — °C 


Voltage Follower 
Unity Gain Bandwidth Slew Rate 


UNITY GAIN BANDWIDTH — MHz 
SLEW RATE — V/us 


-55-35-15 5 25 45 65 85 105 125 -55 -35-15 5 25 45 65 85 105125 
TEMPERATURE — °C TEMPERATURE — °C 


NOISE — nV/Hz 


OUTPUT SWING — +V 


SUPPLY CURRENT — mA 


OUTPUT VOLTAGE - V 


Input Noise Voltage 


FREQUENCY — Hz 


Current Limiting 


OUTPUT CURRENT — mA 


Supply Current 


SUPPLY VOLTAGE — +V 


Inverter Settling Time 


Vg =215V 


Ta = 25°C 
(Fig. 4) 


100mV 
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PERFORMANCE CURVES 


Effect of Capacitive 
Open Loop Closed Loop Loading on Closed Loop 
Frequency Response Frequency Response Frequency Response 


| 
o 
° 


GAIN — dB 
GAIN — cB 
GAIN — dB 


—120 


HASE — DEGREES 


—150 


a 


—180 


—210 
100 1k 10k 100k 1M 10M 100M 100 1k 10k 100k 1M 10M 100M 


FREQUENCY — Hz FREQUENCY — Hz FREQUENCY — Hz 


Large Signal Voltage Follower Voltage Follower 
Frequency Response Pulse Response Pulse Response Over Temperature 


lt 
\ 
it 


VOLTAGE SWING — V 
VOLTAGE SWING — V 


OUTPUT SWING — V 


0.5M 1M 2M 5M 10M 20M 50M . 0.4 08 
FREQUENCY — Hz TIME — us 


Large Signal Frequency Inverter Pulse Inverter Pulse 
Response with Feedforward Response without Feedforward Response with Feedforward 
16 


OUTPUT SWING-V 
VOLTAGE SWING —V 
VOLTAGE SWING—V 


10M 30M. F . 0.8 1.2 
FREQUENCY — Hz TIME — ps 


The high gain and Jarge bandwidth of the Am118 make it 
mandatory to observe the following precautions in using the 
device, as is the case with any high-frequency amplifier. Circuit 
layout should be arranged to keep all lead lengths as short as 
possible and the output separated from the inputs. The values 
of the feedback and source impedances should be kept small 
to reduce the effect of stray capacitance at the inputs. The 
power supplies must be bypassed to ground at the supply leads 
of the amplifier with low inductance capacitors. Capacitive 
loading must be kept to minimum, or the amplifier must be 
isolated as shown in the applications. : 


APPLICATIONS 


Voltage Follower 
(Slew Rate Test Circuit) 


50pF 


PULSE HEIGHT = +10V 


PULSE HEIGHT = +10V 
PULSE WIDTH = tps 
RISE TIME S10nAs 


Figure 1 


Inverter with Feedforward 
Compensation for Higher Slew Rate 


BALANCE 


Figure 3 


Isolating Large 
Offset Nulling Capacitive Loads 


Figure 5 Figure 6 


D/A Converter 
with Ladder Network 


5pF 


FROM SWITCHES 


Figure 8 


Inverter 


§kQ 


Figure 2 


Compensation for 
Minimum Settling Time 


10 pF 


Figure 4 


Over Compensation 


Figure 7 


D/A Converter 
with Binary Network 


5SpF 


FROM SWITCHES 


Figure 9 
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ADDITIONAL APPLICATIONS 


High Speed Summing Amplifier 
with Low Input Bias Currents Wien Bridge Oscillator 


Ry 
RF 7502 


R3 C2 
20k 1000pF 


L1-10V—14mA 
bulb ELDEMA 1869 
Ry =Ro 
C1 =C2 
Gace 

2nR1C1 


BALANCE 


Figure 10 Figure 11 


PHYSICAL DIMENSIONS 


Metal Can Flat Package 


2193" 9.70 0.015 MAR: f 
“MAX. — GLASS « 
CLIMB’ 


Metallization and Pad Layout 


vt 


ADVANCED 
MICRO 
DEVICES INC. 


907 Thompson Place 
BAL/COMP-3 Sunnyvale 


BAL/COMP-—1 
INPUT (-) v- California 94086 
INPUT (+) (408) 732-2400 


TWX; 910-339-9280 
TELEX: 34-6306 
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| Am685 


Voltage Comparator 


Distinctive Characteristics: @ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


@ 6.5ns maximum propagation delay at 5 mV overdrive. @ Electrically and optically inspected dice for assemblers 
of hybrid products. 


@ 3.0 ns latch setup time. @ Mixing privileges for obtaining price discounts. Refer 
© Complementary ECL outputs. se eee ist: : oes 

@ Available in metal can and hermetic dual-in-line 
@ 502 line driving capability packages. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am685 is a fast voltage comparator manufactured with an 

advanced bipolar NPN, Schottky diode high-frequency process that 

makes possible very short propagation delays (6.5 ns) without © TouTPUT 
sacrificing the excellent matching characteristics hitherto associated 

only with slow, high-performance linear 1C’s. The circuit has differ- ; 

ential analog inputs and complementary logic outputs compatible O aouTPuT 
with most forms of ECL. The output current capability is adequate 

for driving terminated 502 transmission lines. The low input offset 

and high resolution make this comparator especially suitable for 

high-speed precision analog-to-digital processing. 


A latch function is provided to allow the comparator to be used ina 
sample-hold mode. (tf the Latch Enable input is HIGH, the com- 
Parator functions normally. When the Latch Enable is driven LOW, The outputs are open emitters, therefore external pull- 


the comparator outputs are locked in their existing logical states. down resistors are required. These resistors may be in 
If the latch function is not used, the Latch Enable must be con- the range of 50—2002 connected to —2.0 V, or 200— 
nected to ground. 20002 connected to —5.2 V. 


CIRCUIT DIAGRAM 


ENABLE 


On 


ines Q27 
Ria Rig R19 Rig Rig 
1802 1.8k2 8202 27kQ F1102 


ORDERING INFORMATION CONNECTION DIAGRAMS 


Top Vi 
Metal Can ae Dual-In-Line 


Part Package Temperature Order 
Number Type Range Number GND #1 


Am685 = Metal Can = —30°C to +85°C Am685HL NOW INVERTING 
DIP —30°C to +85°C Am685DL noNNPoT INVERTING 


Am685 Metal Can —55°C to +125°C Am685HM ee ceaue 
DIP —55°C to +125°C Am685DM near 


Am685 Dice —30°C to +85°C Am685XL 
Dice —55°C to +125°C Am685XM 


NOTE 1: On metal package, pin 5 is connected to case, 
On DIP, pin 8 is connected to case. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Positive Supply Voltage — +7 

Negative Supply Voltage —7V Operating Temperature Range 

Input Voltage £4V Am685-L _—30°C to +85°C 
Differential Input Voltage +6V Am685-M —55° ae to +125 C 
Output Current 30mA Storage Temperature Range —65 ¢ C to +150 C Cc 
Power Dissipation (Note 2) 500 mW Lead Temperature (Soldering ,60 Sec.) 300°C 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless otherwise specified) 


DC Characteristics Am6a6 L Am685-M 
Symbol Parameter (see eresaaiens Conditions (Note 3) Min. Min. Max. Units 


Joi Rg < 1002, Ta = 25°C ~2.0 +2.0 ~2.0 +2.0 
nput Offset Vo | tote Voge | Rs < 1002 -25 +2.5 ~3.0 +3.0 mV 
SVos/AT 


Average Temperature Coefficient Rs < 1002 -10 #10 | -10 | 0 | uvec | 


of Input Offset Voltage 
: : : : fae 
uA 
BA 
kQ 


Input Offset Current 


i Input Bias Current 
Input Resistarice 


Input Capacitance 
Input Voltage Range 


Common Mode Rejection Ratio Rs < 1009, -3.3 < Vey < +3.3V 
ae Supply Voltage Rejection Ratio Rs < 1002, AVs = +5% 


Ta = 25°C 
VOH 


Output HIGH Voltage 


Output LOW Voltage Ta = TA(min.) 


TA = TA(max.) 


Ta = Ta(min.) 
Ta = TA(max.) 
Ta = 25°C 


Switching Characteristics (Vjn = 100 MV, Vog = 5mV) 


T A <Ta<25°C 6.5 ns 
Input to Output HIGH Ain) B 
Ta = Taimax.) 12 ns 


Ta(min.) < Ta < 25°C 6.5 ns 
Input to Output LOW Ta =TAimax.) 55 12 ns 
t d+(E) Latch E to Output HIGH TA(min, ) is Tas 226 Fa rs cs a ie 
p (Note ae TaA= TA(max.) 5.0 9.5 5.5 12 ns 
Latch Enable to Output LOW Ta(min.) < Ta < 25 C 
tpd-(E) {Note 4) 


TA = TAimax.) 
Ta(min.) < Ta < 25°C 


Ta = Ta(max.) 
Minimum Hold Time (Note 4) Ta(min) < TA < TA(max.) 


toy (E) Minimum Latch Enable Pulse Width Ta(min.) < Ta < 25°C 3.0 3.0 
ais poe s Ta = Ta(max.) 4.0 5.0 


NOTES: 2: For the metal can package, derate at'6.8 mW/C for operation at ambient temperatures above +100°C; for the dual-in-line package, derate at 

9 mW/°C for operation at ambient temperatures above +105°C. 

3: Unless otherwise specified V+ = 6.0V, V~ = -5.2V, V7 = -2.0V, and Ry, = 500; all switching characteristics are for a 100 mV input step with 
5 mV overdrive. The specifications given for Voge, log, 1g, CMRR, SVAR, t pd+ and tod- apply over the full Voy range and for +5% supply 
voltages. The Am685 is designed to meet the specifications given in the table after thermal equilibrium has been established with a transverse 
air flow of 500 LFPM or greater. 

4: Owing to the difficult and critical nature of switching measurements involving the latch, these parameters can not be tested in production. 
Engineering data indicates that at least 95% of the units will meet the specifications given. 


ts Minimum Set-up Time (Note 4) 


TIMING DIAGRAM 


LATCH 
ENABLE 


DIFFERENTIAL 
(NPUT 
VOLTAGE 


Q OUTPUT 


douTeuT —— —— —— —— —— 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMHTOL 


WILL BE 
CHANGING 
FROM LTOH 


MAY CHANGE 
FROM LTOH 


"DON'T CARE; 
ANY CHANGE 
PERMITTED 


CHANGING; 
STATE 
UNKNOWN 


Figure 1 


The set-up and hold times are a measure of the time required for an input 
signal to propagate through the first stage of the comparator to reach the 
latching circuitry. Input signal changes occurring before t, will be detected 
and held; those occurring after ty, will not be detected. Changes between 
t, and th may or may not be detected. 


DEFINITION OF TERMS 


INPUT OFFSET VOLTAGE — That voltage which must be 
applied between the two input terminals through two equal 
resistances to obtain zero voltage between the two outputs. 


AVos/AT AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFF- 
SET VOLTAGE — The ratio of the change in input offset 
voltage over the operating temperature range to the temperature 
range. 


INPUT OFFSET CURRENT — The difference between the 
currents into the two input terminals when there is zero voltage 
between the two outputs. 


iT} INPUT BIAS CURRENT — The average of the two input currents. 


INPUT RESISTANCE — The resistance looking into either input 
terminal with the other grounded. 


INPUT CAPACITANCE — The capacitance looking into either 
input terminal with the other grounded. 


INPUT VOLTAGE RANGE — The range of voltages on the 
input terminals for which the offset and propagation delay 
specifications apply. 


COMMON MODE REJECTION RATIO — The ratio of the input 
voltage range to the peak-to-peak change in input offset voltage 
over this range. 


SUPPLY VOLTAGE REJECTION RATIO — The ratio of the 
change in input offset voltage to the change in power supply 
voltages producing it. 


OUTPUT HIGH VOLTAGE — The logic HIGH output voltage 
with an external pull-down resistor returned to a negative supply. 


OUTPUT LOW VOLTAGE — The logic LOW output voltage 
with an external pull-down resistor returned to a negative supply. 


i+ POSITIVE SUPPLY CURRENT — The current required from the 
positive supply to operate the comparator. 


iv NEGATIVE SUPPLY CURRENT — The current required from 
the negative supply to operate the comparator. 


Vos 


CMRR 


SVRR 


VoH 


VOL 


POWER DISSIPATION — The power dissipated by the com- 
parator with both outputs terminated in 502 to -2.0V. 


SWITCHING TERMS (refer to Fig. 1) 4 


INPUT TO OUTPUT HIGH DELAY — The propagation delay 
measured from the time the input signal crosses the input offset 
voltage to the 50% point of an output LOW to HIGH transition. 


INPUT TO OUTPUT LOW DELAY — The propagation delay 
measured from the time the input signal crosses the input offset 
voltage to the 50% point of an output HIGH to LOW transition. 


LATCH ENABLE TO OUTPUT HIGH DELAY — The propaga- 
tion delay measured from the 50% point of the Latch Enable 
signal LOW to HIGH transition to the 50% point of an output 
LOW to HIGH transition. 


LATCH ENABLE TO OUTPUT LOW DELAY — The propaga- 
tion delay measured from the 50% point of the Latch Enable 
signal LOW to HIGH transition to the 50% point of an output 
HIGH to LOW transition. 


ts MINIMUM SET-UP TIME — The minimum time before the 
negative transition of the Latch Enable signal that an input 
signal change must be present in order to be acquired and held 
at the outputs. 


th MINIMUM HOLD TIME — The minimum time after the negative 
transition of the Latch Enable signal that the input signal must 
remain unchanged in order to be acquired and held at the outputs. 


MINIMUM LATCH ENABLE PULSE WIDTH — The minimum 
time that the Latch Enable signal must be HIGH in order to 
acquire and hold an input signal change. 


Poiss 


tod+ 


tod- 


tod+(E) 


tod-(E) 


tow(E) 


OTHER SYMBOLS 


Ambient temperature 
Rs Input source resistance 


Vy Output load terminating voltage 
R,_ Output load resistance 


Vs _ Supply voltages Vin Input pulse amplitude 
V+ Positive supply voltage Vod Input overdrive 
V- Negative supply voltage f Frequency 
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MEASUREMENT OF PROPAGATION DELAY 


A voltage comparator must be able to respond to input signal levels ranging from a few millivolts to several volts, ideally with little 
variation in propagation delay. The most difficult condition is where the comparator has been driven hard into one state by a large signal, 
and the next input signal is just barely enough to make it switch to the other state. This forces the input stage of the circuit to swing 
from a full off (or on) state to a point somewhere near the center of its linear range, thus exercising both its large- and small-signal 
responses. tf the comparator is fast for this condition, it should be as fast or faster for almost any other condition. The unofficial 
industry standard input signal is a 100mV step with an overdrive of S5mV (the overdrive is the voltage in excess of that needed to bring 
the output to the center of its dynamic range). The 100mvV is more than enough to fully turn on the input stage, but not so large to make 
measurement a problem. Large pulses would require exceptionally good control on waveform purity, since only a few tenths of a 
percent of overshoot or ripple would be enough to affect the value of the overdrive and, for sensitive comparators, result in false 
switching. The propagation delay is measured from the time the input signal crosses the input threshold voltage ({i.e., the offset voltage) 
to the 50% point of either output. This definition ensures that each unit is measured under equal conditions, and also makes the 
measurement relatively independent of the input rise and fall times. 


Am685 


INPUT FROM UNDER TEST 


Vv PULSE GEN. 


aya OUTPUT TO 
s Nae 
CHANNEL “A” CHANNED SB 
tpd- todt 
MATCHED 5082 COAX 
s6.0¥ UNUSED OUTPUT MUST BE 
TERMINATED WITH 5022 
Beaeed TO GROUND 
pw = 30ns <a ae, <7, 
tf = 2.505 tog MEASURED O.1uF 
(10%-90%) ~~ FROM HERE ve ‘L 
5082 = 5082 502 
| ~ 
= 10k 
GNO | x O a 
m 


10082 


1002 
a 502 
10k2 ink 10kQ 
10k82 
-15V 
-4.0V i, 
EXPANDED VIEW AT 
THRESHOLD REGION 
SHOWING PURITY OF +6.0V 
PULSE REQUIRED TO TEST 
MAKE ACCURATE DELAY 0 
MEASUREMENTS AT 10k2 ULE 
MILLIVOLT OVERDRIVES Oo! 6 5k 
i 1 
2mV/div 3! : aif 
10kQ ! 
—— 2ns/div—- O NULL ay 
LOW LEAKACE POLYETHYLENE 1kQ od 
OR EQUIV. 


| 


+15V -15V 


The test circuit of Figure 2 provides a means of automatically nulling out the offset voltage and applying the overdrive. With S1 in the 
“NULL” position, the feedback loop around the Am685 via the two operational amplifiers corrects for the offset of the circuit including 
any de shift in the ground level of the input signal. When switched to “‘TEST”, the offset is held on the storage capacitor of the Am216A 
and the overdrive is added at the Am216A non-inverting input. The duty cycle of the signal is made low so that the presence of the input 
pulse during nulling will not disturb the offset. A solid ground plane is used for the test jig, and capacitors bypass the supply voltages. 
All power and signal leads are kept as short as possible. The Am685 input and output run directly into the 502 inputs of the sampling 
scope via equal lengths of 502 coaxial cable. For the conditions shown in the figure, tpg+ is measured at the Q output and tpg-_ at the 
Q output. If it is desired to measure the opposite output polarities, the polarities of the input signal and overdrive must be reversed. 


THERMAL CONSIDERATIONS 


To achieve the high speed of the Am685, a certain amount of power must be dissipated as heat. This increases the temperature of the 
die relative to the ambient temperature. {n order to be compatible with ECL 1 and ECL 10,000, which normally use air flow as a means 
of package cooling, the Am685 characteristics are specified when the device has an air flow across the package of 500 linear feet per 
minute or greater. Thus, even though different ECL circuits on a printed circuit board may have different power dissipations, all will have 
the same input and output levels, etc., provided each sees the same air flow and air temperature. This eases design, since the only change 
in characteristics between devices is due to the increase in ambient temperature of the air passing over the devices. If the Am685 is oper- 
ated without air flow, the change in electrical characteristics due to the increased die temperature must be taken into account. 


INTERCONNECTION TECHNIQUES 


All high-speed ECL circuits require that special precautions be taken for optimum system performance. The Am685 is particularly 
critical because it features very high gain (60dB) at very high frequencies (100MHz). A ground plane must be provided for a good, low 
inductance, ground current return path. The impedance at the inputs should be as low as possible and lead lengths as short as practical. 
It is preferable to solder the device directly to the printed circuit board instead of using a socket. Open wiring on the outputs should be 
limited to less than one inch, since severe ringing occurs beyond this length. For longer lengths, the printed-circuit interconnections be- 
come microstrip transmission lines when backed up by a ground plane, with a characteristic impedance of 50 to 1502. Reflections will 
occur unless the line is terminated in its characteristic impedance. The termination resistors normally go to -2.0V, but a Thevenin 
equivalent to V~ can be used at some increase in power. Best results are usually obtained with the terminating resistor at the end of the 


_driven line. The lower impedance lines are more suitable for driving capacitive loads. The supply voltages should be well decoupled with 


RF capacitors connected to the ground plane as close to the device supply pins as possible. 


PERFORMANCE CURVES 


(Unless otherwise specified, standard conditions for all curves are Ta = 25°C, vt= 6.0V, V7 =-5.2V, 
VT =-2.0V, RL = 502, and switching characteristics are for Vin = 100MV, Vog = SMV.) 


Response Response Response 
for Various for Various for Various 
Input Overdrives Input Overdrives Input Signal Levels 


Vin = #2.5mV 


from ANY 
NILE 


- Al | TY 
ae a es 
= 
INPUT 


INPUT VOLTAGE — mV 
A- FIOVLIOA LNdLNO 
INPUT VOLTAGE — mV 
A-39VLIOA LNdLNO 
INPUT VOLTAGE 
A- 39VL1I0A LNdLNO 


1.8 
20 2 4 6 8 1012 14 16 18 
TIME — ns 


Propagation Delays Propagation Delays Propagation Delay 
asaFunctionof — as a Function of as a Function of 
Input Overdrive Temperature Input Signal Level 


tbat 
tog- 
toa+(E) 
tod- (E) 


—+Vog = 2.5 my 


PROPAGATION DELAY—ns 


PROPAGATION DELAY — ns 
PROPAGATION DELAY —ns 


2 2 
-55-35 -15 5 25 45 65 85 105 125 #imV 410mV #.1V 44.0 
OVERDRIVE — mv TEMPERATURE — °C INPUT VOLTAGE 


Response Response Propagation Delays 
for Various for Various as a Function of 
Load Resistances Load Resistances Load Resistance 


0.7 7Ry = 2002 


OUTPUT VOLTAGE — V 
OUTPUT VOLTAGE-V 
PROPAGATION DELAY — ns. 


100 200 300 400 
TIME—ns , LOAD RESISTANCE — 2 


Propagation Delays Propagation Delays Output Rise and Fall Times 
as a Function of as a Function of as a Function of 
Negative Supply Voltage Common Mode Voltage Temperature 
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VT =-2.0V, Ry = 502, and switching characteristics are for Vin = 100MV, Vog = SMV.) 
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VT =-2.0V, RL = 502, and switching characteristics are for Vin = 100MV, Vog = SMV.) 
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TYPICAL APPLICATIONS 
(Ta = 25°C) 


" Sns/div 


PHYSICAL DIMENSIONS 
Dual-In-Line 


500mV/div 


100 mV/div 


500mvV/div 


OUTPUT 
200 mV/div 


10ns/div 


20mV/div 


200 mV/div 


Metallization and Pad Layout 
32 x 54 Mils 


NON-INVERTING vt 
INPUT (“GND No.1 


INVERTING 
{NPUT 


ENABLE 
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DEVICES INC. 


901 Thompson Place 
Sunnyvale 
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(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product. 


Am715/715C 


High-Speed Operational Amplifier 


Description: The Am715 and Am715C high-speed op- 
erational amplifiers are functionally, electrically, and 
pin-for-pin equivalent to the Fairchild »A715 and 
p»pA715C. Both are available in the hermetic metal can, 
dual-in-line, and flat packages. 


FUNCTIONAL DESCRIPTION 


The Am715is adifferential input, single-ended output operational 
amplifier having wide bandwidth and high slew rate. It has 
internal lead compensation and four points for external lag 
compensation networks, providing many possible combina- 
tions of frequency compensation. In addition, a point is 
brought out for use with an external diode to prevent latch-up 
in voltage follower applications. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL-STD-883. 


Mixing privileges for obtaining price discounts. 
Refer to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 
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APPLICATIONS 


Voltage Follower 
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ORDERING INFORMATION 


Order 
Number 


U5F7715393 
U6W7715393 


U5F7715312 
U6W7715312 


U3F7715312 
UXX7715XXD 


Part Package 
Number Type 


Metal Can 
Am715C DIP 


Temperature 


Metal Can 
Am715 DIP 


Flat Pak 
Dice 


Am715 


: ty 
Note: The dice supplied wi eeontain units which meet both 0°C to +70°C and 
—55°C to +125°6 smperature ranges. 
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Small-Signal 
Pulse Response 


SNS 
Ee. 


> 
E 
l 
5 
a 
FE 
| 
ro) 


TIME — ns 


CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line Metal Can 


NON-INVERTING ie. 
cl INVERTING 
INPUT INPUT ua 


RON-INVERTING 
INPUT 


NOTES: 
(1) On Metal Can, 
pin 5is connected to case. 


(2) On DIP, pintois connected 

INV PUF to bottom of package. 
NON. INVERTING 
INPUT 


(3) On Flat Package, pin 5is 
connected to bottom of package. 
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7-54 


MAXIMUM RATINGS 


Supply Voltage +18V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Voltage +6V 
Input Voltage (Note 2) #15V 
Operating Temperature Range 

Am715C 0°C to +70°C 

Am715 —55°C to +125°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 


ELECTRICAL CHARACTERISTICS (V; = +15 V, T, = 25°C unless otherwise specified) 


Parameter Am715C Am715 ; 
(see definitions) Conditions Min ~e Max Min Typ Max Units 


FinputOfsetvonags——S«dYSCS TOM OSC~*~“‘*wSCSC*‘“‘ ST TO 
ITC Trt a ee ee CE 
a 
= i 
ee ae 


Ss 
>| Z 


Input Voltage Range 
Common Mode Rejection Ratio 


i= ne 
es 
—— a nw 


Transient Response (Voltage 
Risetime Follower) 
Overshoot 


"A 
—_ 
° 
x 
2 
at 
P- 
© 
iN) 


Vout = +200 mV, 
R, = 2 k®, C, = 30 pF 


Av = 100 (Fig.8) —-V,,, = Oto V/ps 
Slew Rate Av = 10 (Fig. 7) R, = 2 kQ, V/us 
Av = 1 (Figs. 1&2) C, = 30 pF V/ ps 


The Following Specifications Apply Over The Operating Temperature Ranges 


Input Offset Voltage Re < 10 ko 10 7.5 
Ta = TA min 750 800 nA 

Input Bias Current Tr = Tp max 1.5 aA 
ee en 7.5 4.0 uA 


Common Mode Rejection Ratio Ry < 10 kQ 74 74 | BC 
Supply Voltage Rejection Ratio R, < 10 kQ 400 300 


Large Signal Voltage Gain R, > 2k, Vi = £10V 8.0 
Output Voltage Swing R, = 2 k2 +10 


PERFORMANCE CURVES 
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X1 Inverting Amplifier 


Voltage Follower 


V7 01 


CASCODE 


Figure 1 Figure 2 


X1 Inverter 
Small-Signal 
Pulse Response 


The high gain and large bandwidth of the Am715 make it mandatory to 
observe the following precautions in using the device, as is the case 
with any high frequency amplifier. Circuit layout should be arranged 
to keep all lead f!engths as short as possible and the output separated 
from the inputs and frequency compensation pins. The values of the 
feedback and source impedances should be kept small to reduce the 
effect of stray capacitance of the inputs. The power supplies must be 
bypassed to ground at the supply leads of the amplifier with low 
inductance capacitors. Capacitive loading must be kept to an absolute 
minimum, since the amplifier cannot tolerate more than 30 pF directly 
at its output with full feedback. 
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Voltage Follower 
Small-Signal 
Pulse Response 


Follower & X1 Inverter 
Negative Large-Signal 
Pulse Response 


Follower & X1 Inverter 
Positive Large-Signal 
Pulse Response 


BENS 
fea 
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OUTPUT -— V 
OUTPUT — V 


10 #15 20 
TIME — us 


DEFINITION OF TERMS 


INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals to obtain zero output voltage. The input 
offset voltage may also be defined for the case where two equal 
resistances are inserted in series with the input leads. 

INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals with the output at zero volts. 

INPUT BIAS CURRENT The average ofthe two input currents. 
INPUT RESISTANCE The resistance looking into either input termi- 
nal with the other grounded. 

LARGE-SIGNAL VOLTAGE GAIN The ratio of the maximum output 
voltage swing with load to the change in input voltage required to 
drive the output from zero to this voltage. 

OUTPUT RESISTANCE The resistance seen looking into the output 
terminal with the output at null. This parameter is defined only under 
small signal conditions at frequencies above a few hundred cycles 
to eliminate the influence of drift and thermal feedback. 

SUPPLY CURRENT The DC current from the supplies required to 
operate the amplifier with the output at zero and with no load current. 
POWER CONSUMPTION The DC power required to operate the 
amplifier with the output at zero and with no !oad current. 


OUTPUT — mV 


100 200 300 400 
TIME — ns 


TRANSIENT RESPONSE The closed-loop step-function response 
of the amplifier under small-signal conditions. 

SLEW RATE The internally-limited rate of change in output voltage 
with a large-amplitude step function applied to the input. 

INPUT VOLTAGE RANGE The range of voltage which, if exceeded 
on either input terminal, could cause the amplifier to cease function- 
ing properly. 

COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the maximum change in input offset voltage over this 
range. 


‘SUPPLY VOLTAGE REJECTION RATIO The ratio of the change in 


input offset voltage to the change in supply voltage producing it. 
OUTPUT VOLTAGE SWING The peak output swing, referred to 
zero, that can be obtained without clipping. 


NOTES 

Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 75°C and the Dual In-Line 
package at 9 mW/°C for operation at ambient temperatures 
above 95°C, the Flat Package at 5.4 mW/°C for operation 
at ambient temperatures above 57°C. 


Note 2; For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 


X10 Amplifier 


Figure 3 
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Metallization and Pad Layout 
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Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(3) 
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PHYSICAL DIMENSIONS 
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X10 Amplifier 
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X100 Amplifier 
Negative Large-Signal 
Pulse Response 


Tp, = 25°C 
Vg = t15V 


VUUYY 
.700 
aa 
> 


200 
MAX. 


a 3 
Batt thet 


023 


OUTPUT — V 


OUTPUT — V 


OUTPUT — mV 


020 
MIN. 


| 


X10 Amplifier 
Negative Large-Signal 
Pulse Response 


X100 Amplifier 
Positive Large-Signal 
Pulse Response 


05 1.0 
TIME — us 


X100 Amplifier 
Small-Signal 
Pulse Response 


ADVANCED 

MICRO 

DEVICES INC. 

901 Thompson Place 

; Sunnyvale 
ut California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


Am723/723C 


Voltage Regulator 


Description: The Am723 and Am723C monolithic voltage 
regulators are functionally and electrically equivalent to 
the Fairchild »A723 and »A723C. Both are available in 
the hermetic dual-in-line and metal can packages and 
are pin for pin replacements for the Fairchild »A723 
and »A723C. 


FUNCTIONAL DESCRIPTION 

The Am723 is intended for use with positive or negative supplies 
as a series, shunt, switching or floating regulator. It is appli- 
‘cable to remote shutdown and current limiting operations and 
will accept either PNP or NPN external pass elements to 
increase output current capability. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL-STD-883. 


Mixing privileges for obtaining price discounts. 
Refer to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 
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APPLICATIONS 
REMOTE SHUTDOWN REGULATOR WITH CURRENT LIMITING (V,,, = 2 to 7 Volts) 


ORDERING INFORMATION 


emperature peig, Oraer 
Range “sete Number 


DIP O°C..70°C” ~, U6A7723393 
Metal Can + O°C*+ 70°C. “,  U5R7723393 


DIP » €43~55eG.4925°C =: U6A7723312 
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Part 
Number 


Package 
Type 


Am723C 


Am723 
Am723 


~5520* 125°C 


¢ 5 Dp i ce 
Note: The dice supplied will contain units which meet both 0°C to +70°C 
and —55°C to +125°C temperature ranges. 
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CONNECTION DIAGRAMS 
Top Views 


Metal Can Dual-In-Line 


CURRENT. 


FREQUENCY 
CQ COMPENSATION 


(1) On Metal Can, pin 5 is connected to case. 
{2) On DIP, pin 7 is connected to case. 
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MAXIMUM RATINGS 


Pulse Voltage from V* to V~ (50 msec) 
Continuous Voltage from Vt to V~ 


Input-Output Voltage Differential 
Maximum Output Current 


Current from Vz 


Current from Vper 


Internal Power Dissipation (Note 1) 
Metal Can 
DIP 


Operating Temperature Range 
Am723C 
Am723 


Storage Temperature Range 


Lead Temperature (Soldering, 60 sec.) 


50V 
40V 
40V 
150 mA 
25 mA 
15 mA 


850 mW 
900 mW 


0°C to +70°C 
—55°C to +125°C 


—65°C to +150°C 
300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 2) 


Parameter 
(see definitions) 


Line Regulation 
(Note 3) 


Conditions 

Vin = 12 V to Vin = 15 V 
Vin = 12 V to Vj = 40V 
Load Regulation (Note 3) I, = 1mA tol, = 50mA 


f = 50 Hz to 10 kHz, Cp-- = 0 


Ripple Rejection 


Am723C' 
Min Typ Max Min 


0.01 0.1 


Am723 
Typ Max 


0.01 0.1 
0.02 0.2 | %Voyr 


0.1 0.5 
0.03 0.15 | %Vour 


74 74 dB 


86 86 dB 


Units 


% Vout 


Short Circuit Current Limit 
Reference Voltage 
Output Noise Voltage 


Rsc = 10 Q, Vout = 0 


BW = 100 Hz to 10 kHz, Car, = 0 


BW = 100 Hz to 10 kHz, Cope = 5 uF 


IL =0,Vin =30V 


Long Term Stability 
Standby Current Drain 


‘Input Voltage Range 


Output Voltage Range 
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Input-Output Voltage Differential 


The Following Specifications Apply Over The Operating Temperature Ranges 


Vin=12Vto Vy =15V 
IL =1mAtol,=50mA 


Line Regulation 
Load Regulation 


5 

3 4.0 
37 
38 


2 mA 
Vv 
2.0 2.0 37 Vv 


0.6 


Average Temperature 
Coefficient of Output Voltage 


0.003 0.015 0.002 0.015 


DEFINITION OF TERMS 
AVERAGE TEMPERATURE COEFFICIENT OF OUTPUT VOLTAGE 
The percentage change in output voltage for a specified change in 


ambient temonerature 
CALUORF ANE UNE E per eet 


CURRENT LIMIT SENSE VOLTAGE The voltage between current 
sense and current limit terminals necessary to cause current limiting. 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL The range of voltage 
difference between the supply voltage and the regulated output 
voltage over which the regulator will operate. 

INPUT VOLTAGE RANGE The range of supply voltage over which 
the regulator will operate. 

LINE REGULATION The percentage change in output voltage for 
a specified change in input voltage. 

LOAD REGULATION The percentage change in output voltage for 
a specified change in load current. 

OUTPUT NOISE VOLTAGE The rms output noise voltage with 
constant load and no input ripple. 

OUTPUT VOLTAGE RANGE The range of output voltage over 
which the regulator will operate. 

REFERENCE VOLTAGE The output of the reference amplifier 
measured with respect to the negative supply. 

RIPPLE REJECTION The ratio of the peak to peak input ripple 
voltage to the peak to peak output ripple voltage. 


SHORT CIRCUIT CURRENT LIMIT The output current of the regu- 
lator with the output shorted to the negative supply. 

STANDBY CURRENT DRAIN The supply current drawn by the reg- 
ulator with no output load and no reference voltage load, 
TRANSIENT RESPONSE The closed-loop step function response 
of the regulator under small-signal conditions. 


NOTES 

Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 25°C and Dual-In-Line Pack- 
age at 9 mW/°C for operation at ambient temperatures 
above 50°C. 

Note 2: Unless otherwise specified, T, = 25°C, Vy, = V+ =Vo = 
12V, V— = OV, V4 = 5V, 1, = 1 MA, Roe = 0, C, = 100 pF, 
Carp = O and divider impedance as seen by error amplifier 
< 10 kQ when connected as shown in Fig.3 . 

Note 3: The load & line regulation specifications are for constant 
junction temperature. Temperature drift effects must be 
taken into account separately when the unit is operating 
under conditions of high dissipation. 
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APPLICATIONS 


HIGH VOLTAGE REGULATOR LOW VOLTAGE REGULATOR 
(V.,: = 7 to 37 Volts) . (Vo: = 2 to 7 Volts) 
VIN 


REGULATED 
OUTPUT 


REGULATED 
OUTPUT 


R, + Rp 
Vout *Vrer X —-Rp } 


Ra = Ri R2 ae ? 
3 RytRy +R for minimum temperature drift. 


Rg may be eliminated for minimum component count. 


Figure 1 Figure 3 
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Am725/725A/725B/725C 


Instrumentation Operational Amplifiers 


Description: 


The Am725, Am725A, Am725B and Am725C monolithic 
operational amplifiers are functionally, electrically and 
pin-for-pin equivalent to the Fairchild »A725, »A725B 
and »A725C. They are available in the hermetic metal 
dual in-line, and flat packages. 


FUNCTIONAL DESCRIPTION 


The Am725/725A/725B/725C are instrumentation operational 
amplifiers. Device design has been optimized to provide low 
noise voltage, low offset voltage, low offset voltage drift and 
high common mode rejection. The Am725 is offset voltage 
adjustable and is pin-for-pin compatible with the Am108 and 
Am101A, amplifiers. However, additional frequency compensa- 
tion components are required and should be determined by 
the desired closed loop gain. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883. 


Mixing privileges for obtaining price discounts. 
Refer to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 


Compensation 
Component Values 


INVERTING Avan R, C, R Cc 
INPUT © (2) 


(nF) (9) (nF) 


1000 470 1.0 

“400 47° «10 — —~ 

“10 27 «50 270 15 
50 


NON-INVERTING 


OUTPI 
INPUT 6 vr 


OFFSET 
NULL 


*Use R3 = 512 when the amplifier 
is operated with capacitive loads. 


APPLICATION 
Thermocouple Amplifier 


SENSOR 


REFERENCE 


ORDERING INFORMATION 


Part Package 
Number . Type 
Am725C Hermetic DIP 
Am725B Metal Can 
Am725 Metal Can 


Metal Can 
Hermetic DIP 


Temperature 
Range 

U6A7725393 
a) U5T7725333 
O°C ».707C. U5T7725393 
—55zC'- 12520 U5T7725312 
-§5°C. 125°C U6A7725312 
Fiat Pak 5°C~125°C U3F7725312 
Metal Can = S5PC - 125°C AM725A31T 
UXX7725XXD 


Dice ». “Note 
The dice supplied wi contain units which meet 0°C to +70°C, —25°C to 
+85°C and —55°C'to + 125°C temperature ranges. 


Am725 


Am725A 
Am725 


Note: 


CONNECTION DIAGRAMS 
Top Views 
Dual-in-Line Metal Can 
orrseT 1A8 
NULL 
OFFSET NULL 
INVERTING 
tNPUT 
OUTPUT 


O / FREQUENCY 


NON-INVEATING 
(NPUT COMPENSATION 


NOTES: 


(1) On Metal Can, 
pin 4 is connected to case. 


(2) On DIP, pin 6 is connected 
to bottom of package. 


(3) On Flat Package, pin 5 is 
connected to bottom of package. 
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MAXIMUM RATINGS 


Supply Voltage ; +22V 
Internal Power Dissipation (Note 1) 500 mw 
Differential Input Voltage +5V 
Input Voltage (Note 2) +22V 
Operating Temperature Range ‘ ; 

Am725, Am725A —55°C to +125°C 

Am725B —25°C to +85°C 

Am725C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 


Lead Temperature (Soldering, 60 sec.) 300°C 


° 


R; = 502 0.5 


ELECTRICAL CHARACTERISTICS (v, = +15V, T, = 25°C unless otherwise specified) 
Am725C Am725B Am725 Am725A 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 
Input Offset Voltage 0.5 2.5 05 1.5 mV 
(Without external trim) 0.06 0.1 mV 
Input Offset Current | 2.020 | 
Input Blas Current 
Input Nolse Voltage 15 15 9.0 nV/ Vv Hz 
12 9.0 8.0 nVv/ V Hz 
8.0 8.0 7.0 nV/ V Hz 
Input Noise Current f, = 10 Hz 1.0 1.0 1.0 pA/ V Hz 
f, = 100 Hz 0.8 0.8 0.3 pA/ Vv Hz 
f, = 1kHz 0.6 0.6 0.15 pA/ Vv Hz 
Input Resistance oe -30—C*~dsi“‘}S [OS 48 [MOC 
Input Voltage Range | se 18.5 +14 +135 +14 +135 +14 $13.5 +14.0 
Large Signal Voltage Gain R, = 2 kQ, j 
Common Mode Rejection Ratio | R, < 10 ka 100 120 110 120 dB 
R, < 20 k2 120 126 dB 
Power Supply Rejection Ratio Rs < 10 kQ 2.0 35 2.0 10 2.0 10 uV/V 
Rs < 20 ka V/V 
Output Voltage Swing R, = 10 kQ +12 +13 +12 +13 +12 +13.5 +12.5+13.0 Vv 
R, > 2k2Q +10 +13 +10 +13 +10 +13.5 +12.0+12.8 Vv 
R, <1 ka +#11.0412.5 Vv 
(output Resistance a 
Power Consumption 80 150 80 120 80 105 90 120 | mW 
The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage R, < 10 ka 0.8 3.5 mV 
(Without external trim) Rs < 20 kQ 0.08 0.18 | mV 
Average Temperature Coefficient 2.0 0.3 O08 | wV/°C 
of Input Offset Voltage 
’ (Without external trim) 
Average Temperature Coefficient 0.5 0.6 0.2 O06 
of Input Offset Voltage 
(With external trim) 
Input Offset Current TA (max) 20 35 
Ts tminy 5.0 50 
Average Temperature Coefficient 10 
of Input Offset Current 
Input Bias Current TA tmaxi 25 125 25 200 
Ts tmint 100 250 100 400 
Large Signal Voltage Gain Ry 2 2kQ, Ty tmay| +4125 : ‘ ; . 
Ry & 2kQ, Ty tminy| -125 P : : ‘ 
Common Mode Rejection Ratio | R, < 10 ka 100 “| 100 
R, < 20 ka 114 124 
Power Supply Rejection Ratio Rs < 10 ka 
Ry < 20 ka 10 5.0 
R, > 2 ka +10 +13 +10 +13 +10 


Output Voltage Swing 


+12.0+12.6 


Transient Response Test Circuit 


DEFINITION OF TERMS 


AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
CURRENT The ratio of the change in Input Offset Current over 
the operating temperature range to the temperature range. 
AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
VOLTAGE The ratio of the change in Input Offset Voltage over 
the operating temperature range to the temperature range. 
COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the peak-to-peak change in input offset voltage over this 
range. 

DIFFERENTIAL INPUT VOLTAGE RANGE The range of voltage 
which, if exceeded on either input terminal, could cause the ampli- 
fier to cease functioning properly. 

EQUIVALENT INPUT COMMON MODE NOISE VOLTAGE The 
change in input offset voltage due to common mode input noise. 


INPUT BIAS CURRENT The average of the two input currents. 

a. eee ee ped 
INPUT NOISE CURRENT ,/1? Omeas — 4KTRs — @, 
for Af=1Hz R,? 


INPUT NOISE VOLTAGE The square root of the mean square 
narrow-band noise voltage at the output divided by the measure- 
ment system gain with low source resistance. 

INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals through two equal resistances to obtain 
zero output voltage. 


INPUT RESISTANCE The resistance looking into either input ter- 
minal with the other grounded. 


INPUT VOLTAGE RANGE The range of voltage which, if exceeded 

on either input terminal, could cause the amplifier to cease func- 
tioning properly. 

LARGE-SIGNAL VOLTAGE GAIN The ratio of the maximum output 
voltage swing with load to the change in input vollage required to 
drive the output from zero to this voltage. 


OUTPUT RESISTANCE The resistance seen looking into the output 
terminal with the output at null. This parameter is défined only 
under small signal conditions at frequencies above a few hundred 
cycles to eliminate the influence of drift and thermal feedback. 


OUTPUT VOLTAGE SWING The peak output swing, referred to 
zero, that can be obtained without clipping. 

POWER CONSUMPTION The DC power required to operate the 
amplifier with the output at zero and with no load current. 

POWER SUPPLY REJECTION RATIO The ratio of the change in 


input offset voltage to the change in power supply voltages pro- 
ducing it. 


NOTES 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 75°C, the Dual In-Line package 
at 9 mW/°C for operation at ambient temperatures above 
95°C, and the Flat Package at 5.4 mW/°C for operation at 
ambient temperatures above 57°C. 


For supply voltages less than +22V, the absolute maximum 
input voltage is equal to the supply voltage. 


Note 2: 
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CHANGE IN INPUT OFFSET VOLTAGE — xV 
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Versus Frequency 
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PERFORMANCE CURVES 


Open Loop Response 
For Various Values 
Of Compensation 


1 10 100 tk 10k 100k 1M 
FREQUENCY — Hz 


Nulled Input Offset Voltage 
As A Function Of - 
Temperature 


-60 -20 20 60 100 «140 
TEMPERATURE — °C 


Transient Response 


400 


Stabilization Time Of 
Input Offset Voltage From 


CHANGE IN INPUT OFFSET VOLTAGE — nV 


Power Turn-On 


Ve=tt5V 
Taz 25°C 
PREVIOUS Vg < 1uV 


TIME FROM POWER APPLICATION — MIN 


POWER CONSUMPTION — mW 


INPUT OFFSET VOLTAGE — mV CLOSED LOOP GAIN — dB 


POWER DISSIPATION — mW 


Frequency Response 
For Various 
Closed Loop Gains 
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Voltage As A Function 
Of Temperature 
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Dissipation As A Function 
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Power Consumption 
As A Function Of 
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SOURCE RESISTANCE — 2 


SUPPLY REJECTION — pV/V 


Input Offset Voltage Drift 
As A Function Of Time 


Vg=t15V 
Vos <20HV att =O 


400 600 800 1000 
TIME — HRS 


Input Noise Voltage As A 
Function Of Frequency 


1k 10k 100 k 
FREQUENCY — Hz 


Narrow Band Spot Noise 
Figure Contours 


ttt Vg = +15 V| 
Bill Ta = 25°C 


1k 10k 100 k 
FREQUENCY — Hz 


Supply Rejection As A 
Function Of Frequency 


FREQ COMPENSATION 
=1 


FREQUENCY — Hz 


INPUT BIAS CURRENT — nA 


NOISE FIGURE — dB 


COMMON MODE REJECTION RATIO — dB 


MEAN SQUARE NOISE CURRENT — A?/Hz 


PERFORMANCE CURVES 


Input Bias Current 
As A Function 
Of Temperature 
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PHYSICAL DIMENSIONS 


Metal Can Flat Package Dual-In-Line 


0.370 
0.335 eas 


.040 
MAX. 


SEATING 7 
PLANE 


8 LEADS 
0.019 
=~ = DIA. 
0.016 : 


. 0.070 0.015 MAX, 
*" MAX, GLASS * .006 : 
cetpn, | CLIMB c MAX. 


5 oe 


Metallization and Pad Layout 
50 x 95 Mils 


if 


as , ADVANCED 


nut—| gp TO output ; MICRO 
|i ey DEVICES INC. 


901 Thompson Place 
| Sunnyvale 
INPUT (+) =| = California 94086 
(408) 732-2400 


TWX: 910-339-9280 
TELEX: 34-6306 


7-66 : 
Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(1) 


: Am7/33/733C 


Differential Video Amplifier 


Distinctive Characteristics 


e The Am733 and Am738C differential video amplifiers e 100% reliability assurance testing in compliance with 
are functionally, electrically and pin-for-pin equiva- MIL STD 883. 
lent to the Fairchild .A733 and 733C. ¢ Electrically tested and optically inspected dice for 
¢ Bandwidths: 40 to 120 MHz AEE ELIE etl Licht a 
; : e Mixing privilege for obtaining price discounts. 
¢ Rise Times: 2.5 to 10 ns 


Refer to price list. 
e Propagation Delay: 3.6 to 10 ns e Available in metal can, hermetic dual-in-line or 
hermetic flat packages. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am733 is a monolithic two-stage differential input, emitter V+ v- 
follower differential output video amplifier. Internal series- ’ 
shunt feedback is used to obtain fixed gains of 10, 100 or 

400, and adjustable gains from 10 to 400 by the use of an INPUT 1 


OUTPUT 1 
external resistor. 


INPUT 2 OUTPUT 2 


O O O oO 
Gin Gig Gop Gog 


GAIN SELECT 


TYPICAL APPLICATION 
HIGH-GAIN WIDEBAND AMPLIFIER 


V+ 


Typical Bandwidth @ 25°C: 65 MHz 
Typical Gain @ 25°C: 54 dB 
Typical Bandwidth @ 125°C: 57 MHz 
Typical Gain Loss @ 125°C: 1 dB 


ORDERING INFORMATION CONNECTION DIAGRAMS 
" Top Views 
= . Dual-in-Line Metal Can 
Part Package Temperature s Order 
Number Type Range , Number 


Am733C MetalCan 0°C-+70°C U5F7733393 
DIP 0°C - 470°C, “2 U6A7733393 
FlatPak 0°GS*709C.* U3 7733393 


Am733 55°C ah 12 U5F7733312 
DI 


U6A7733312 
U3F7733312 


“Note UXX7733XXD ~ OSG cOn Melal:Can, 
pin 5 is connected to case. 


(2) On DIP, pin 5 is connected 
to bottom of package. 


(3) On Ftat Package, pin 4is 
connected to bottom of package. 


Note: The‘dice’ supplied will contain units which meet 0°C to 70°C, 
and —55°C to +125°C temperature ranges. 
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MAXIMUM RATINGS 


Supply Voltage +8V 
Differential Input Voltage +5V 
Common Made Input Voltage +6V 
Output Current 10 mA 
Internal Power Dissipation (Note 1) 500 mw 
Operating Temperature Range . 

Am733C 0°C to +70°C 

Am733 —55°C to +125°C 
Storage Temperature Range ~—65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C, V; = +6.0 V unless otherwise specified) 


Parameter Am733C Am733 
(see definitions) Conditions Min. Typ. Max. Min. ‘Typ. Max. Units 
Differential Voltage Gain 
Gain 1 (Note 2) 
Gain 2 (Note 3) 
Gain 3 (Note 4) 


Bandwidth 
Gain 1 
Gain 2 
Gain 3 


Risetime 
Gain 1 
Gain 2 
Gain 3 


Propagation Delay 
Gain 1 


250 400 
80 100 120 
8.0 10 


R, = 502, V.., = 1 Vpp 


R, = 509, V,.; = 1. Vpp 


Gain 2 
Gain 3 


Input Resistance 
Gain 1 
Gain 2 
Gain 3 


Input Capacitance 
Input Offset Current 
Input Bias Current 
Input Noise Voitage R, = 502, BW = 1 kHz to 10 MHz 
Input Voltage Range 


Common Mode Rejection Ratio 
Gain 2 Vv 
Gain 2 


Supply Voltage Rejection Ratio 
Gain 2 AV, = +0.5V 


Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 


Output Common Mode Voltage 

Output Voltage Swing 

‘Output Sink Current 

Output Resistance 

Power Supply Current t— 
The Following Specifications Apply Over The Operating Temperature Ranges 


Differential Voltage Gain 
Gain 1 (Note 2) 


Gain 2 (Note 3) 80 100 120 

Gain 3 (Note 4) 8.0 10 12 
Input Resistance 

Gain 1 4.0 4.0 kQ 

Gain 2 8.0 30 8.0 30 kQ 

Gain 3 250 250 ka 
Input Offset Current 0.4 6.0 0.4 5.0 vA 

; ee 

Input Bias Current 9.0 40 » 9.0 40 pA 
Input Voltage Range +1.0 +1.0 Vv 


Parameter 


(see definitions) Conditions 


The Following Specifications Apply Over The Operating Temperature Ranges 


Common Mode Rejection Ratio 
Gain 2 V., = £1V, f < 100 kHz 


Am733C 
Min. Typ. Max. Min. Typ. Max. Units 


Supply Voltage Rejection Ratio 


Gain 2 AV, = +0.5V 


Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 


Output Voltage Swing 
Output Sink Current 


Power Supply Current 


DEFINITION OF TERMS 


BANDWIDTH The frequency at which the differential gain is 3 dB 
below its low frequency value. 


COMMON MODE REJECTION RATIO The ratio of a change in 
input common mode voltage to the resulting change in output offset 
voltage referred to the input. 


DIFFERENTIAL VOLTAGE GAIN The ratio of the change in the 
differential output voltage to the change in voltage between the 
input terminals producing it. 


INPUT BIAS CURRENT The average of the two input currents. 


INPUT OFFSET CURRENT The difference between the currents 
into the two input terminals. 


INPUT RESISTANCE The resistance seen looking into either input 
terminal with the other grounded. 


INPUT VOLTAGE RANGE The range of voltage which, if exceeded 
on either input terminal, could cause the amplifier to cease func- 
tioning properly. 


OUTPUT COMMON MODE VOLTAGE The average of the voltages 
at the two output terminals. 


OUTPUT OFFSET VOLTAGE The difference between the voltages 
at the two output terminals with the inputs grounded. 


OUTPUT RESISTANCE The resistance seen looking into either 


output terminal. 


OUTPUT SINK CURRENT The peak negative current available at 
either output of the amplifier. 


OUTPUT VOLTAGE SWING The peak-to-peak output swing that 
can be obtained without clipping. This includes the unbalance 
caused by output offset voltage. 


POWER SUPPLY CURRENT The current required from the power 
supplies to operate the device with no load. 


PROPAGATION DELAY The interval between the application of an 
input voltage step and its arrival at either output, measured at 50% 
of the final value. 


RISE TIME The time required for an output voltage step to change 
from 10% to 90% of its final value. 


SUPPLY VOLTAGE REJECTION RATIO The ratio of a change in 
supply voltage to the resulting change in output offset voltage re- 
ferred to the input. 


Voltage Gain Adjust Circuit 


0.2yF 


OUTPUT 1 


1kQ 


OUTPUT 2 


1k2 


Note 1: Derate metal can package at 6.8 mW/°C for operation at 
ambient temperatures above 85°C and Dual In-Line pack- 
age at 9 mW/°C for operation at ambient temperatures 
above 100°C, and the Flat Packages at 5.4 mW/°C for ope- 
ration at ambient temperatures above 65°C 


Note 2: Gain Select pins G,, and G,, connected together. 
Note 3: Gain Select pins G,, and G,, connected together. 


Note 4: All Gain Select pins open. 


PERFORMANCE CURVES 


Input Resistance : Gain 
Vs. Temperature Input Noise Voltage Vs. Temperature 


cana! | | | | | 
rela pecs 


INPUT RESISTANCE — ka 
INPUT NOISE VOLTAGE — Vrms 
RELATIVE VOLTAGE GAIN 


TEMPERATURE ~ °C SOURCE RESISTANCE — 22 TEMPERATURE — °C 


Gain Gain Gain 
Vs, Frequency Vs. Supply Voltage 


DIFFERENTIAL VOLTAGE GAIN 


SINGLE-ENDED VOLTAGE GAIN — dB 
RELATIVE VOLTAGE GAIN 


50 100 500 1k 
FREQUENCY — MHz SUPPLY VOLTAGE — tV R agi — 2 


Gain Vs. Gain Vs. Output Voltage Swing 
Frequency and Frequency and And Sink Current 
Supply Voltage Temperature Vs. Supply Voltage 


SINGLE ENDED VOLTAGE GAIN — dB 
SINGLE ENDED VOLTAGE GAIN — dB 
OUTPUT SINK CURRENT — mA 


OUTPUT VOLTAGE SWING — Vpp 


50 100 500 1k 50 100 500 1k 
FREQUENCY — MHz FREQUENCY ~ MHz SUPPLY VOLTAGE — +V 


Output Voltage Swing Output Voltage Swing Supply Current 
Vs. Load Resistance Vs. Frequency Vs. Temperature 


PE UTD Ut case 
BUERo : AIL 


SUPPLY CURRENT — mA 


OUTPUT VOLTAGE SWING — Vpp 
OUTPUT VOLTAGE SWING — Vpp 


50 100 500 1k 5k 10k 50 100 500 1k 
LOAD RESISTANCE — 2 FREQUENCY — MHz . TEMPERATURE — °C 


PERFORMANCE CURVES 


Phase Shift Phase Shift Common Mode 
Vs. Frequency Vs. Frequency Rejection Ratio 
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COMMON MODE REJECTION RATIO — dB 
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Pulse Response Pulse Response Pulse Response 
Vs. Gain Vs. Supply Voltage Vs. Temperature 


OUTPUT VOLTAGE — V 
OUTPUT VOLTAGE —- V 
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Differential Overdrive Supply Current 
Recovery Time Vs. Supply Voltage 


DIFFERENTIAL INPUT VOLTAGE — mV 
SUPPLY CURRENT — mA 


OVERDRIVE RECOVERY TIME — ns SUPPLY VOLTAGE — +V 


PHYSICAL DIMENSIONS 


Metal Can Flat Package 


370 
335 335 


305 
"040 
MAX, 
L 


SEATING JF 


PLANE 
10 LEADS 


a a _ 
bal tL 
wad dhl 


Metallization and Pad Layout 
41 x 41 Mils 


Sag 28 
ADVANCED 
MICRO 
DEVICES INC. 
907 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied In an Advanced Micro Devices product.(2) 


Am741/741C 


Frequency Compensated Operational Amplifier 


Description: The Am741 and Am741C Frequency-Com- 
pensated Operational Amplifiers are functionally, elec- 
trically, and pin-for-pin equivalent to the Fairchild »A741 
and »A741C. Both are available in the hermetic metal 
can, flat package, and dual-in-line packages. 


FUNCTIONAL DESCRIPTION 

The Am741 and Am741C are differential input, class AB out- 
put amplifiers intended for general purpose applications. They 
are protected against faults at input and output, and require 
no external components for frequency compensation. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883. 

Mixing privileges for obtaining price discounts. 

Refer to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 


INVERTING © 
INPUT 


NON-INVERTING © 


APPLICATIONS 


DIFFERENTIATOR 


INPUT O 


Ryn = 400 MO 
Cin* 1pF 

Rout << 12 
B.W. = 1 MHz 


ORDERING INFORMATION 
Part Package Temperature Order 
Number Type Range Number 


Metal Can 0°C - 70°C =: U5B7741393 
DIP 0°C - 70°C == U6A7741393 


Metal Can —55°C - +125°C? .-U5B7741312 
Am741 DIP —55°C - +125°C” U6A7741312 
. Flat Pak —55°C =. 125°C §=—- 3177411312 


Am741 Dice ‘Note UXX7741XXD 


Note: The dice supplied will contain units ‘which meet both 0°C to 
+70°C and —55°C*to'.*125°C.temperature ranges. 


Am741C 


UNITY GAIN VOLTAGE FOLLOWER 


INTEGRATOR 


CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line Metal Can 


NOTES: 

(1) On Metal Can, 
pin 4 is connected to case. 

(2) On DIP, pin 6 is connected 
to bottom of package. 

(3) On Flat Package, pin 5 is 
connected to bottom of package. 
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MAXIMUM RATINGS 


Supply Voltage 


Am741 *#22V 
Am741G +18V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Voltage +30 V 
Voltage between Offset Null and V~ +0.5V 
Input Voltage (Note 2) *#15V 
Indefinite 


Output Short-Circuit Duration (Note 3) 


Operating Temperature Range 


Am741 ~—55°C to +125°C 
Am741C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (V; = +15 V, T, = 25°C unless otherwise specified) 
Parameter Am741C Am741 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 
Input Offset Voltage Rs < 10 ka 2.0 6.0 1.0 5.0 mV 
Input Offset Current 20 200 20 200 
Input Bias Current 80 500 ~ 80-500 
Input Resistance + 03 20 03 20 Ma 
Large-Signal Voltage Gain R, > 2k2, Vi = +10V 20 200 50 200 ; 
Output Resistance 75 75 a 2 
Output Short-Circuit Current al | 25 25 mA 
Supply Voltage Rejection Ratio Rs < 10 kQ | 30 150 30 150 uV/V 
Common Mode Rejection Ratio Ry < 10 k2 70 90 70 90 dB 
Supply Current 1.7 2.8 1.7 2.8 mA 
Power Consumption -- 50 85 50 85 mW 
Transient Response (unity gain) V;, = 20 mV, R, = 2k2, C, < 100 pF 
Risetime 0.3 0.3 BS 
Overshoot 5.0 5.0 % 
Slew Rate R, > 2k2 ! 0.3 0.5 0.3 0.5 V/us 
The Following Specifications Apply Over The Operating Temperature Ranges 
input Offset Voltage Rs < 10k2 7.5 
Input Offset Current Ta(max) a0 S00. os 
‘A(min) 35 300 85 
Input Bias Current ie See a. a 
Input Voltage Range #12 +13 +12 +13 
Common Mode Rejection Ratio Rg < 10 k2 70 90 70 90 
Supply Voltage Rejection Ratio Ry < 10k 30 150 30 
Large-Signal Voltage Gain R, = 2k2, Vip = +£10V 15 25 
Ouputvoluge Sung | RE IS ee oe 
Supply Current Tacmax) 1.6 3.3 1.5 
‘A(min) 1.8 3.3 2.0 
Power Consumption Ta(max) 48 100 45 
Almin) 54 100 60 


PERFORMANCE CURVES 


Power Consumption 
As A Function Of 
Supply Voltage 
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SUPPLY VOLTAGE — +V 


DEFINITION OF TERMS 


INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals to obtain zero output voltage. The input 
offset voltage may also be defined for the case where two equal 
resistances are inserted in series with the input leads. 


INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals with the output at zero volts. 


INPUT BIAS CURRENT 


INPUT RESISTANCE The resistance looking into either input termi- 
nal with the other grounded. 


INPUT CAPACITANCE The capacitance looking into either input 
terminal with the other grounded. 


LARGE-SIGNAL VOLTAGE GAIN The ratio of the maximum output 
voltage swing with load to the change in input voltage required to 
drive the output from zero to this voltage. 


OUTPUT RESISTANCE The resistance seen looking into the output 
terminal with the output at null. This parameter is defined only under 
small signal conditions at frequencies above a few hundred cycles 
to eliminate the influence of drift and thermal feedback. 


OUTPUT SHORT-CIRCUIT CURRENT The maximum output current 
available from the amplifier with the output shorted to ground or 
to either supply. 


SUPPLY CURRENT The DC current from the supplies required to 
operate the amplifier with the output at zero and with no load current. 


POWER CONSUMPTION The DC power required to operate the 
amplifier with the output at zero and with no load current. 


TRANSIENT RESPONSE The closed-loop step-function response 
of the amplifier under small-signal conditions. 


INPUT VOLTAGE RANGE The range of voltage which, if exceeded 
on either input terminal, could cause the amplifier to cease function- 
ing properly. 


COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the maximum change in input offset voltage over this 
range. 


SUPPLY VOLTAGE REJECTION RATIO The ratio of the change in 
input offset voltage to the change in supply voltage producing it. 


OUTPUT VOLTAGE SWING The peak output swing, referred to 
zero, that can be obtained without clipping. 


The average of the two input currents. 


Input Blas Current 
As A Function Of 
Ambient Temperature 


CoS 
PPT 


TEMPERATURE — °C 


Input Resistance 
As A Function Of 
Ambient Temperature 


INPUT RESISTANCE — MQ 


60 100 
TEMPERATURE — °C 


Slew Rate & 
Transient Response 
Test Circuit 


OVouT 


Vino 
“i 


C, < 100 pF 
R, = 2ka 


SLEW RATE The internally-limited rate of change in output voltage 
with a large-amplitude step function applied to the input. 


NOTES 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 75°C, the Dual In-Line package 
at 9 mW/°C for operation at ambient temperatures above 
95°C, and the Flat Package at 5.4 mW/°C for operation at 
ambient temperatures above 57°C. 


Note 2: For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 

Note 3: Short circuit may be to ground or either supply. Rating 

applies to +125°C case temperature or +75°C ambient 

temperature. 
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MEAN SQUARE VOLTAGE — V?/Hz 
PEAK—TO-—PEAK OUTPUT SWING — V INPUT OFFSET CURRENT — nA 


VOLTAGE GAIN — dB 


Input Offset Current 
’ As A Function ‘Of 
Supply Voltage 


SUPPLY VOLTAGE — tV 


Output Voltage Swing 
As A Function Of 
Load Resistance 


26 Vs = +15V 


Ta = 25°C 


0.1 0.2 5.0 10 
LOAD RESISTANCE — kQ. 


05 10 2.0 


Input Noise Voltage 
As A Function Of 
Frequency 


100 1k 
FREQUENCY ~— Hz 
Open Loop Voltage Gain 


As A Function Of - 
Frequency 
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NE 


FREQUENCY — Hz 


MEAN SQUARE NOISE CURRENT — A?/Hz 


INPUT OFFSET CURRENT — nA 


SHORT CIRCUIT CURRENT — mA 


PERFORMANCE CURVES 


Input Offset Current 
As A Function Of 
Ambient Temperature 
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TEMPERATURE — °C 


Output Short-Circuit Current 


As A Function Of 
Ambient Temperature 


60 100 
TEMPERATURE -°C 


140° 


Input Noise Current 
As A Function Of 
Frequency 


100 1k 
FREQUENCY — Hz 


Open Loop Phase Response 


As A Function Of 
Frequency 


Vg = 415V 
Ta= 25°C 


10 100 1k 10k 100k 1M 10M 
FREQUENCY — Hz 


TOTAL NOISE REFERRED TO INPUT — pVrms POMER Elsner ae. POWER CONSUMPTION — mW 


PEAK—TO—PEAK OUTPUT SWING — V 


Power Consumption 
As A Function Of 
Ambient Temperature 


ae 

a es 

| | Lamar | [tt Tt 
awd 


-20 20 60 100 
TEMPERATURE — °C 


Absolute Maximum Power 
Dissipation As A Function 
Of Amblent Temperature 
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TEMPERATURE — °C 


Broadband Noise For 
Various Bandwidths 
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SOURCE RESISTANCE — 2 


Output Voltage Swing 
As A Function Of 
Frequency 


1k 10k 100k 
FREQUENCY — Hz 


PERFORMANCE CURVES 


input Resistance And Output Resistance Common Mode Rejection 
Input Capacitance As A As A Function Of Ratio As A Function Of 
Function Of Frequency Frequency Frequency 
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EHS Sta, HES 
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100 tk 10k 100k 1M 10 100 1k 10k 100k 1M 10M 
FREQUENCY — Hz FREQUENCY — Hz FREQUENCY — Hz 
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INPUT RESISTANCE — 2 
INPUT CAPACITANCE— pF 


OUTPUT RESISTANC! 


COMMON MODE REJECTION RATIO — dB 


Frequency Characteristics 
Voltage Follower As A Function Of 
Transient Response Large-Signal Pulse Response Supply Voltage 


| ——L}- Vg = £15V 


Ta = 25°C 


OUTPUT — mV 
RELATIVE VALUE 


CLOSED LOOP 
BANDWIDTH 


OUTPUT VOLTAGE — V 


-6 fo 

Caters 
15 20 25 Sie 7 20 30 40 50 60 +4 7 90 

TIME — uS TIME — uS SUPPLY VOLTAGE — +V 


Frequency Characteristics Open Loop Voltage Gain 
As A Function Of As A Function Of 
Ambient Temperature Supply Voltage 
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RELATIVE VALUE 
VOLTAGE GAIN-dB 


TEMPERATURE — °C SUPPLY VOLTAGE — #V 


Output Voltage Swing Input Common Mode 
As A Function Of Voltage Range As A 
Supply Voltage Function Of Supply Voltage 
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PEAK—TO-PEAK OUTPUT SWING ~— V 
COMMON MODE VOLTAGE RANGE — +V 


SUPPLY VOLTAGE — :V SUPPLY VOLTAGE — +V 


INVERTING AMPLIFIER | NON-INVERTING AMPLIFIER 


Ry Ro 


1kQ 9kQ 
100 2 9.9 ka 
100 2 99.9k2 


Metal Can Dual-In-Line 
Flat Package 


0.370 
0.335 ae 


040 
MAX. 


SEATING t 
PLANE 


8 LEADS 
0.019 


“ 
gore 
Mae QLABS ~ 
Siew 


=e may 
bal Itedts 


Note: Al! dimensions are in inches. MIN, 
Leads are gold plated Kovar. 


Metallization and Pad Layout 
56 x 56 Mils 


set ADVANCED 
MICRO 
uae DEVICES INC. 
901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am747/747C 


Dual Frequency Compensated Operational Amplifier 


Description: The Am747 and Am747C Dual Frequency- 
Compensated Operational Amplifiers are functionally, 
electrically, and pin-for-pin equivalent to the Fairchild 
#AT47 and »A747C, Both are available in the hermetic 
metal can, dual-in-line and flat packages. 


FUNCTIONAL DESCRIPTION: 

The Am747 is a dual Am741 internally compensated opera- 
tional amplifier. The Am747 and Am747C are differential input, 
class AB output amplifiers intended for general purpose appli- 
cations. They are protected against faults at input and output, 
and require no external components for frequency compen- 
sation. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883. 

Mixing privileges for obtaining price discounts. 

Refer to price list. 

Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 


INVERTING INVERTING 
INPUT A INPUT B 
O O 


O ro) 
NON-INVERTING NON-INVERTING 
INPUT A INPUT B 


APPLICATIONS 


QUADRATURE OSCILLATOR 


COSINE 
OUTPUT 
O 


t= 1 (R,C, = RCo) 
PV CaR2CaR3 


CY 
Tt 820 pF 1% 


ORDERING INFORMATION 


Temperature Order 
Range Number 


DIP 0°C - 70°C U6W7747393 
Metal Can 0°C - 70°C —_.U5F7747393 


DIP -55°C - +125°G*” U6W7747312 
Metal Can -55°C - +4125°C U5F7747312 
Flat Pak —55°C 426125°C U317747312 


Am747 Dice 


Part Package 
Number Type 


Am747C 


Am747 


Note: The dice supplied will ¢ 
—55°C to +125°C, tempera 


NOTCH FILTER USING THE Am747 AS A GYRATOR 


Notch Frequency As A 
Function Of Cy 


CENTER FREQUENCY — Hz 


0.0001 0.001 ‘0.01 0.1 TRIM R3 SUCH THAT 


R R 
CAPACITOR Cy — uF lewd 


CONNECTION DIAGRAMS 
Top View 


Dual-In-Line Metal Can 


INVERTING OFFSET 
input a C4 Pd nuit a 


NON INVERTING [— 

INPUT B 
INVERTING [] af_) OFFSET 
INPUT B NULLB 


PUT 


INVERTING 
Q NPUT B 
NON-INVERTING YD (YNON-INVERTING 
INPUT A 8 


Flat Package NOTES: 
INVERTING OFFSET (1) On Metal Can, 


tNeuT A (J = pin 5 is connected to case. 
NON-INVERTING 


(2) On DIP, pin 4 is connected 
to bottom of package. 


= (3) On Flat Package, pin 4 is 
= 
ee eUT B connected to bottom of package. 


MAXIMUM RATINGS 
Supply Voltage 


Am747 ; +&22V 

Am747C +18V 
Internal Power Dissipation (Note 1) 

DIP, Metal Can 800 mW 

Flat Package 500 mW 
Differential Input Voltage ! +30 V 
Voltage between Offset Null and V~ +0.5V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration (Note3) Indefinite 
Operating Temperature Range 

Am747 . ~55°C to +125°C 

Am747C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 


ELECTRICAL CHARACTERISTICS—Each Amplifier (V; = +15 V, T, = 25°C unless otherwise specified) 


Parameter Am747C Am747 
(see definitions) Conditions _ Min. Typ. Max. Min. Typ. Max. Units 
Input Offset Voltage R, < 10 kQ 2.0 6.0 1.0 5.0 mV 


Input Offset Current : 20 200 
Input Bias Current 
Input Resistance 


0.3 
Offset Voltage Adjustment Range 
Input Voltage Range +12 +13 
Large-Signal Voltage Gain R, => 2k2, Vy = +10V - 50 200 


Output Short-Circuit Current 


Supply Voltage Rejecti 


ion Ratio 


Common Mode Rejection Ratio 


Supply Current 


Power Consumption 
Transient Response (unity gain) V,, = 20 mV, R, = 2k, C, < 100 pF 


Risetime 0.3 : 

Overshoot : 5.0 5.0 % 
Slew Rate 0.3 0.5 0.3 0.5 V/us 
Channel Separation R, = 509, R, = 10 k2 120 120 | dB 
The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage R, < 10 ka mV 
input Offset Current Taine 

A(min) 
"Ta(max) 


Input Bias Current 
‘ Ta(min) 


Input Voltage Range 


Common Mode Rejection Ratio R, < 10 k2 
Rs < 10 ka 


R, > 2ko, V,,,= £10V 


Supply Voltage Rejection Ratio 


Large-Signal Voltage Gain 


; R, > 10 ka 
Output Volt Swin C= 
utpu age Swing R > 2ko 
Supply Current Tacmax) 
T (min) 


Ta(max) 


Power Consumption 
Ta(min) 
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‘PERFORMANCE CURVES 
(Each Amplifier) 


Power Consumption 
As A Function Of 
Supply Voltage 


POWER CONSUMPTION — mW 
INPUT BIAS CURRENT — nA 


Input Bias Current 
As A Function Of 
Ambient Temperature 


Si salclab 
CCC 


Input Resistance 
As A Function Of 
Ambient Temperature 


INPUT RESISTANCE — MQ 


Cn a 


-20 20 
SUPPLY VOLTAGE — +V 


DEFINITION OF TERMS 


INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals to obtain zero output voltage. The input 
offset voltage may also be defined for the case where two equal 
resistances are inserted in series with the input leads. 


INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals with the output at zero volts. 


INPUT BIAS CURRENT The average of the two input currents. 


INPUT RESISTANCE The resistance looking into either input termi- 
nal with the other grounded. 


INPUT CAPACITANCE The capacitance looking into either input 
terminal with the other grounded. 


LARGE-SIGNAL VOLTAGE GAIN The ratio’of the maximum output 
voltage swing with load to the change in input voltage required to 
drive the output from zero to this voltage. 


OUTPUT RESISTANCE The resistance seen looking into the output 
terminal with the output at null. This parameter is defined only under 
small! signal conditions at frequencies above a few hundred cycles 
to eliminate the influence of drift and thermal feedback. 


OUTPUT SHORT-CIRCUIT CURRENT The maximum output current 
available from the amplifier with the output shorted to ground or 
to either supply. 


SUPPLY CURRENT The DC current from the supplies required to 
operate the amplifier with the output at zero and with no load current. 


POWER CONSUMPTION The DC power required to operate the 
amplifier with the output at zero and with no load current. 


TRANSIENT RESPONSE The closed-loop step-function response 
of the amplifier under small-signal conditions. 


INPUT VOLTAGE RANGE The range of voltage which, if exceeded 
on either input terminal, could cause the amplifier to cease function- 
ing properly. 

COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the maximum change in input offset voltage over this 
range. 


SLEW RATE The internally-limited rate of change in output voltage 
with a large-amplitude step function applied to the input. 


SUPPLY VOLTAGE REJECTION RATIO The ratio of the change in 
input offset voltage to the change in supply voltage producing it. 


OUTPUT VOLTAGE SWING The peak output swing, referred to 
zero, that can be obtained without clipping. 


CHANNEL SEPARATION The ratio of the output voltage of one 
amplifier to the input voltage produced in the other amplifier. 


TEMPERATURE — °C 


60 100 140 
TEMPERATURE — °C 


Transient Response 
Test Circuit \ 


NOTES 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above 30°C, the Dual In-Line package 
at 9 mW/°C for operation at ambient temperatures above 
60°C, and the Flat Package at 5.4 mW/°C for operation at 
ambient temperatures above 57°C. 


For supply voltages less than + 15V, the absolute maximum 
input voltage is equal to the supply voltage. 


Note 3: Short circuit may be ground or either supply. Rating applies 
to 125°C case temperature or +60°C ambient temperature 
for each side. 


Note 2: 


PERFORMANCE CURVES 
(Each Amplifier) 


Input Offset Current Input Offset Current Power Consumption 
As A Function Of As A Function Of As A Function Of 
Supply Voltage Ambient Temperature Ambient Temperature 


INPUT OFFSET CURRENT — nA 
INPUT OFFSET CURRENT — nA 
POWER CONSUMPTION — mw 


20 60 100 -20 20 60 100 
SUPPLY VOLTAGE — +V TEMPERATURE — °C TEMPERATURE — °C 


Output Voltage Swing Output Short-Circuit Current Absolute Maximum Power 
As A Function Of As A Function Of Dissipation As A Function 
Load Resistance Ambient Temperature Of Ambient Temperature 
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re TEMPERATURE ~— °C 


PEAK—TO-—PEAK OUTPUT SWING — V 
SHORT CIRCUIT CURRENT — mA 
POWER DISSIPATION — mW 


LOAD RESISTANCE — kQ TEMPERATURE-°C 


Input Noise Voltage Input Noise Current 
As A Function Of As A Function Of 
Frequency 


Broadband Noise For 


Frequency Various Bandwidths 


Vg = t15V 
° 


TH i Tt TT 
YI Pe en 
sce on eeee ey ase: 


MEAN SQUARE VOLTAGE — V?/Hz 
MEAN SQUARE NOISE CURRENT — A?/Hz 
TOTAL NOISE REFERRED TO INPUT — uVrms 


FREQUENCY — Hz FREQUENCY — Hz SOURCE RESISTANCE — Q 


Open Loop Voltage Gain Open Loop Phase Response Output Voltage Swing 
As A Function Of . As A Function Of As A Function Of 
Frequency Frequency Frequency 


Vg = £15V Vg = #15V 


Vg =218V 
Ta= 25°C \ Ta = 25°C 


CoOL irate 
11 A 
PE TT En 
PTE TE AUT ET 
Ht HS 


PHASE ~ DEGREES 


VOLTAGE GAIN — dB 
PEAK-—TO-—PEAK OUTPUT SWING — V 


(0 
10 100 tk 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 
FREQUENCY — Hz FREQUENCY — Hz FREQUENCY —Hz ; 


10k 100k 1M 


PERFORMANCE CURVES 
{Each Amplifier) 


Input Resistance And Output Resistance Common Mode Rejection 
Input Capacitance As A As A Function Of Ratio As A Function Of 
Function Of Frequency Frequency Frequency 


iM . 
% SE ae 60 TTT TTT TTY, © s15v 
aa Ht 


HTT Ul r= 25°C 


iNPUT RESISTANCE — Q 
INPUT CAPACITANCE—pF 
OUTPUT RESISTANCE — 2 
COMMON MODE REJECTION RATIO — dB 


100 1k 10k 100k i 1k 10k 100k 10 100 tk 10k 100k 1M 10M 
FREQUENCY — Hz FREQUENCY — Hz FREQUENCY — Hz 


; ; Frequency Characteristics 
Voltage Follower As A Function Of 
Transient Response Large-Signal Pulse Response Supply Voltage 


TRANSIENT 
\] RESPONSE 


OUTPUT — mV 


Vg =#15V 
t. = 25°C 
mal Ry = 2kQ 


-10 
05 #10 15 2.0 2.5 0 10 20 30 40 50 60 70 80 90 
TIME — pS TIME — uS SUPPLY VOLTAGE — +V 


OUTPUT VOLTAGE — V 
RELATIVE VALUE 


Frequency Characteristics Open Loop Voltage Gain 
As A Function Of As A Function Of 
Ambient Temperature —_ Voltage 
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TRANSIENT, 


‘ | RESPONSE NSE ak 


PONS ien aare 


LaF ALT 


ie iH CLOSED LOOP Fan 
BANDWIDTH 


RELATIVE VALUE 
VOLTAGE GAIN-—dB 


75 
-20 20 60 100 0 2 4 6 8 10 12 14 16 18 20 


TEMPERATURE — °C" SUPPLY VOLTAGE — +V 


Output Voltage Swing Input Common Mode 
As A Function Of Voltage Range As A 
Supply Voltage é Function Of Supply Voltage 


40 
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PEAK--TO—PEAK OUTPUT SWING — V 
COMMON MODE VOLTAGE RANGE -,+V 


SUPPLY VOLTAGE — £V SUPPLY VOLTAGE — +V 


ADDITIONAL APPLICATIONS 


COMPRESSOR/EXPANDER AMPLIFIERS 


As 


EXPANDER 
OUTPUT 


COMPRESSOR 
INPUT 


COMPRESSOR EXPANDER 


MAXIMUM COMPRESSION/EXPANSION RATIO = Ry/R (10k >R 20} 
DIODES Dy THROUGH Dg ARE MATCHED FO66S6 OR EQUIVALENT 


TRACKING POSITIVE AND NEGATIVE 
ANALOG MULTIPLIER VOLTAGE REFERENCES 


CURRENT SOURCE AMPLIFIER 


Rig 


NEGATIVE 
REGULATED 
OUTPUT 


Ra 
15k2 
1% POSITIVE OUTPUT = Vpy x R17 R2 
, ox 
“MATCHED TO 0.1% 


Eour™ 100 Ew, x Ein, ZERO ADJUST +15V NEGATIVE OUTPUT * —POSITIVE OUTPUT x °8 


Rg 


PHYSICAL DIMENSIONS 
Metal Can Duakin-Line 
Flat Package 


.750 MIN. 


ae me 


SEATING J 


PLANE 
10 LEADS 


z= 


Note: All dimensions are in inches. 
Leads are gold plated Kovar. 


Metallization and Pad Layout 
56 x 106 Mils 


OUTPUT A aaa. | | aes OUTPUT B 


7 opt a einen ADVANCED 

oes MICRO 

ects ae DEVICES INC. 

NULL A = : 901 Thompson Place 

; Sunnyvale 


California 94086 
(408) 732-2400 
TWX: 910-339-9280 


TELEX: 34-6306 
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Am748/748C 


Operational Amplifier 


Description: The Am748/748C Monolithic Operational 
Amplifiers are functionally, electrically, and pin-for-pin 
equivalent to the Fairchild ».A748 and »A748C. Both are 
available in the hermetic metal can, dual-in-line, and 
flat packages. 


FUNCTIONAL DESCRIPTION: 


The Am748 and Am748C are differential input class AB output 
amplifiers intended for general-purpose application. They are 
protected against faults at input and output, and may be 
frequency compensated with an external 30 pF capacitor. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883 Class B. 


Mixing privileges for obtaining price discounts. 
Refer to price list. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 


INVERTING 
tNPUT 


Am748 


NON-INVERTING 
(NPUT 


APPLICATIONS 


DIFFERENTIATOR 


rR, 
2702 O.1pF 


ORDERING INFORMATION 


a Gey 

Temperature _ 2% Order 

rN 
Range ath Number 


Part 
Number 


Package 
Type 


DIP 0°C - 208 eS 
Metal Can EMS ~) 
DIP Ce65° CAH 25°C 


Metal Cark)S 556! 1 125°C 
Flat R&k ~ «55°C - +125°C 


U5B7748393 
U6A7748393 


U5B7748312 
U6A7748312 
U3F7748312 


Am748C 


Am748 


Note 4: The dice supplied will contain units which meet both 0°C to 
+70°C and —55°C to +125°C temperature ranges. 


INTEGRATOR 


Am748 


CONNECTION DIAGRAMS 
Top Views 


Dual-in-Line Metal Can 


FREQ. COMP 
8 


INVERTING 
INPUT 


NON INVERTING 
INPUT 
NOTES: 


(1) On Metal Can, 
pin 4 is connected to case. 


(2) On DIP, pin 6 is connected 
to bottom of package. 


(3) On. Flat Package, pin 5 is 
connected to bottom of package. 
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MAXIMUM RATINGS 


Supply Voltage 
Am748 
Am748C 


Power Dissipation (Note 1) 


Differential Input Voltage 
Input Voltage (Note 2) 


Output Short-Circuit Duration (Note 3) 


Operating Temperature Range 
Am748 
Am748G 


Storage Temperature Range 


Lead Temperature (Soldering, 60 sec.) 


ELECTRICAL CHARACTERISTICS (V; = +15 V, T, = 25°C unless otherwise specified) 


Parameter 
(see definitions) 


Input Offset Voltage 
Input Offset Current 


Input Bias Current 

Input Resistance 

Input Capacitance 

Offset Voltage Adjustment Range 
Input Voltage Range 
Large-Signa! Voltage Gain 
Output Resistance 

Output Short-Circuit Current 
Supply Voltage Rejection Ratio 


Am748C 
Conditions Min. Typ. Max. Min. 
Rs < 10k9 20 60 |. 
20 200 
80 500 7 


R, > 2k Vin = 


+10V 


+22V 
+18V 


Am748 


Typ. 
1.0 
20 
80 


R, < 10 ko 


Common Mode Rejection Ratio 


Ry < 10 ko 


500 mW 
+30V 
+15V 

Indefinite 


—55°C to +125°C 
0°C to +70°C 


—65°C to +150°C 


300°C 


Max. 


5.0 
200 
500 


Supply Current 


Power Consumption 


Transient Response (unity gain) 
Risetime 
Overshoot 


V,, = 20 mV, R, = 2k2, C, < 100 pF 


Slew Rate 


The Following Specifications Apply Over The Operating Temperature Ranges 


Input Offset Voltage R, < 10 ka 6.0 mV 
Input Offset Current Fatman 7.0 20 
Acmin) 85 500 
Input Bias Current Tatmar) 0.03 0.5 
A(min) 0.3 1.5 
Input Voltage Range +12 +13 
Common Mode Rejection Ratio R, < 10 k2 70 90 
Supply Voltage Rejection Ratio R, < 10 k2 30 150 
Large-Signal Voltage Gain R, > 2kQ, Vy = +10 V 25 
’ R, > 10 k2 +12 +14 : 
Output Voltage Swin ts 
; 7 R, > 2k2 +10 +13 
T 1.5 2.5 
Supply Current A(max) 
A(min) 2.0 3.3 
Power Consumption T atmaxy 45 75 
Tatmin) 60 100 
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PERFORMANCE CURVES 


Power Consumption Input Bias Current Input Resistance 
As A Function Of As A Function Of As A Function Of 
Supply Voltage Ambient Temperature Ambient Temperature 


Por 


POWER CONSUMPTION — mW 
INPUT BIAS CURRENT — nA 


~20 


INPUT RESISTANCE — MQ. 


im ae 
Senenn 
SER 


= 


0.1 
20 60 100 20 60 100 


SUPPLY VOLTAGE — +V TEMPERATURE — °C TEMPERATURE — °C 


TRANSIENT RESPONSE TEST CIRCUIT 


DEFINITION OF TERMS 


INPUT OFFSET VOLTAGE That voltage which must be applied 
between the input terminals to obtain zero output voltage. The input 
offset voltage may also be defined for the case where two equal 
resistances are inserted in series with the input leads. 


INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals with the output at zero volts. 


INPUT BIAS CURRENT The average of the two input currents. 


INPUT RESISTANCE The resistance looking into either input termi- 
nal with the other grounded. 


INPUT CAPACITANCE The capacitance looking into either input 
terminal with the other grounded. 


LARGE-SIGNAL VOLTAGE GAIN The ratio of the maximum output 
voltage swing with load to the change in input voltage required to 
drive the output from zero to this voltage. 


OUTPUT RESISTANCE The resistance seen looking into the output 
terminal with the output at null. This parameter is defined only under 
small signal conditions at frequencies above a few hundred cycles 
to eliminate the influence of drift and therma! feedback. 


OUTPUT SHORT-CIRCUIT CURRENT The maximum output current 
available from the amplifier with the output shorted to ground or 
to either supply. 


SUPPLY CURRENT The DC current from the supplies required to 
operate the amplifier with the output at zero and with no load current. 


POWER CONSUMPTION The DC power required to operate the 
amplifier with the output at zero and with no load current. 


C, <-100 pF 
R, = 2k2 


TRANSIENT RESPONSE The closed-loop step-function response 
of the amplifier under small-signal conditions. 


INPUT VOLTAGE RANGE The range of voltage which, if exceeded 
on either input terminal, could cause the amplifier to cease function- 
ing properly. 


COMMON MODE REJECTION RATIO The ratio of the input voltage 
range to the maximum change in input offset voltage over this 
range. 


SUPPLY VOLTAGE REJECTION RATIO The ratio of the change in 
input offset voltage to the change in supply voltage producing it. 


OUTPUT VOLTAGE SWING The peak output swing, referred to 
zero, that can be obtained without clipping. 


NOTES 


Note 1: Derate Metal Can package 6.8 mW/°C for operation at am- 
bient temperatures above 75°C, the Dual In-Line at 9 mW/°C 
for operation at ambient temperatures above 95°C, and the 
Flat Packages at 5.4 mW/°C for operation at ambient tem- 
peratures above 57°C. 


Note 2: For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 


Note 3: Short circuit may be to ground or either supply. Rating 
applies to +125°C case temperature or +75°C ambient 
temperature. 7-87 


PERFORMANCE CURVES 


Input Offset Current Input Offset Current Power Consumption 
As A Function Of As A Function Of As A Function Of 
Supply Voltage Ambient Temperature Ambient Temperature 
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INPUT OFFSET CURRENT — nA 
INPUT OFFSET CURRENT — nA 
POWER CONSUMPTION — mW 


100 -60 -20 20 60 100 
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Output Voltage Swing . Output Short-Circuit Current Absolute Maximum Power 
As A Function Of As A Function Of Dissipation As A Function 
Load Resistance Ambient Temperature Of Ambient Temperature 


Vo = t15V 
6 
a Ta 26°C 
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PEAK-—TO-—PEAK OUTPUT SWING — V 
SHORT CIRCUIT CURRENT — mA 


Input Noise Voltage Input Noise Current 
As A Function Of As A Function Of 
Frequency Frequency 


Broadband Noise For 
Various Bandwidths 


MEAN SQUARE VOLTAGE — V?/Hz 
MEAN SQUARE NOISE CURRENT — A?/Hz 


10k 10k 


FREQUENCY — Hz . SOURCE RESISTANCE — 2 


TOTAL NOISE REFERRED TO INPUT — uVrms 


Open Loop Phase Response Output Voltage Swing 
As A Function Of AS A FU 
Frequency 


Vg = t15V 
Ta= 25°C 
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VOLTAGE GAIN 
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PERFORMANCE CURVES 


Input Resistance And Output Resistance Common Mode Rejection 
Input. Capacitance As A As A Function Of Ratio As A Function Of 
Function Of Frequency Frequency Frequency 
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Frequency Characteristics 
Voltage Follower As A Function Of 
Transient Response Large-Signal Pulse Response Supply Voltage 
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Frequency Characteristics Open Loop Voltage Gain 
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UNITY GAIN VOLTAGE FOLLOWER 


AMPLIFIER 
APPLICATIONS 


BASIC Am748 oe 


Am748 
B 
ra 
A 


Rin = 400 MQ 
Cin = IPF 

Rout << 12 
B.W. = 1 MHz 


INVERTING AMPLIFIER NON-INVERTING AMPLIFIER 
Ro Ro 
B 


Am748 
+ 
A 
30 pF 


R, B.W. 


1kQ 9kQ 100 kHz 
100 Q 9.9 kQ 10 KHz 
100 Q 99.9 kQ 1 kHz 


PHYSICAL DIMENSIONS 
Metal Can Flat Package 


0.370 
0.335 Ble 


PLANE 


8 LEADS 
0.019 5 -. 
0.016 ce ered 
3.070” 0.015 MAX 
6.070 ASS 
011 
ab 008 
: eaeiee eae 10 .070 023 375 
oy Note: All dimensions are in inches. suite aol | a ee ole “015. be as 


Leads are gold plated Kovar. 


ADVANCED 


MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 


Advanced Micro Devices can not assume responsibility for use of any circuitry described other than circuitry entirely embodied in an Advanced Micro Devices product.(2) 
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Am1500/111/211/311 


Precision Voltage Comparator | 


Distinctive Characteristics 


The Am111/211/311 are functionally, electrically, 
and pin- for-pin equivalent to the National 

LM 111/211/311. 

The Am1500 is a dual Am111, but requires 20% less 
power than two Am111 comparators. 

Output Drive — 50 V and 50 mA. 

Input Bias Current — 150 nA max. 

Input Offset Voltage — 4 mV max. 

Differential Input Voltage Range — +30 V 


FUNCTIONAL DESCRIPTION 
The Am1500/111/211/311 are voltage comparators featuring 
low input currents, high differential and common mode voltage 
_ ranges, wide supply voltage range, and outputs compatible 
with aff bipolar and MOS circuitry. The inputs and outputs can 
be isolated from system ground, and the output can drive 
loads referred to ground or either supply. Strobing and offset 
balancing are available and the outputs can be wire ORed. 


CONNECTION DIAGRAMS 
Top Views 
Dual-In-Line 
Am1500 


Pin 5 connected 
to bottom of 
package 


(—) COLLECTOR OUTPUT 


Fp] BALANCE/STROBE = Bin 6 connected to 


bottom of package 


ORDERING INFORMATION 
Package Temperature 
Type Range 
Metal Can 0°C - 70°C 
DIP 0°C - 70°C 
Metal Can 
DIP 


Part 
Number 


Am311 


LM211H 
LM211D 


LM111H 
LM111D 

LM111F 
AM 150039E 
AM 150032E 
AM150032N 
AM 150031E 
AM150031N 


LMD11 


Am211 


Metal Can 
DIP 
Flat Pak 


Am111 


CH+ 

© wt 125°C 

3." 0°G 70°C 
25°C - 485°C 
—25°C - 485°C 
—55°C - +125°C 
—55°C - +125°C 


Note 


Am1500 


Am1114 Dice 


Note The dice supplied will contain units which meet 0°C to +70°C, —25°C to 
+85°C and —55°C to +125°C temperature ranges. 


100% reliability assurance testing in compliance 
with MIL STD 883. 

Electrically tested and optically inspected die for 
assemblers of hybrid products. 

Mixing privileges for obtaining price discounts. 
Refer to price list. 

Available in metal can, hermetic dual-in-line or 
hermetic flat packages. 


FUNCTIONAL DIAGRAM. 


vt oye COLLECTOR 
O OUTPUT 
NON-JNVERTING 
INPUT 


INVERTING: 6 
INPUT 


b EMITTER 
BALANCE/ OUTPUT 


STROBE 


BALANCE 


CONNECTION DIAGRAM 
Top View 
Flat Package 
Am1500 


Pin 5 connected to bottom of package. 


Am111/211/311 


PJ BALANCE/STROBE 
Pin 5 connected to bottom of package 
CONNECTION DIAGRAM 


Top View 
Metal Can 


Am111/211/311 


© BALANCE/ 
STROBE 
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MAXIMUM RATINGS 


Voltage from V* to V7 36 V 
Voltage from Collector Output to V~ Am150031/Am150032/111/211 50V 

Am150039/311 40V 
Voltage from Emitter Output to V~ 30 V 
Voltage between Inputs +30 V 
Voltage from Inputs to V~ +30 V, —0V 
Voltage from Inputs to V* —30V 
Power Dissipation (Note 1) 500 mw 
Output Short Circuit Duration 10 sec 
Operating Temperature Range Am150031/111 —55°C to +125°C 

Am150032/211 —25°C to +85°C 

Am150039/311 O°Cto +70°C 


Storage Temperature Range 


Lead Temperature (soldering, 10 sec) 


—65°C to +150°C 


ELECTRICAL CHARACTERISTICS 
(T, = 25°C unless otherwise specified ) (ote 2) 


Conditions 


Parameter (see definitions) 
Input Offset Voltage (Note 3) 
Input Offset Current (Note 3) 


300°C 
Am150039 Am 111 Am150031 
Am311 Am 211 Am150032 
Min Typ Max Min Typ Max Min Typ Max Units 


Input Bias Current (Note 3) 


Response Time (Note 4) 


R, = 5002 to +5V, V,; =0 


Supply Current—Positive (Note 5) 
—Negative (Note 5) 


Voltage Gain 


Saturation Voltage Vi, < —5S mV, lo =50mA 


Vi, < —10 mV, Ip = 50 mA 


Output Leakagé Current Vi, 2 +5 mV, Voto V; = 50V 0.2 10.0 nA 
Vin > +10 mV, Ve to VE = 40 Vv nA 
The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage (Note 3) 4.0 4.0 mV 
Input Offset Current (Note 3) 20.0 20.0 nA 
Input Bias Current (Note 3) 150 150 nA 
Saturation Voltage Vi, < 6 mV, I, =8mMA 0.23 0.40 0.23 0.40 Vv 
Vig <—-10 mV, Io = 8 MA Vv 
Output Leakage Current V2 +6 mV, V_ to Vv; = 50 V 0.1 0.5 0.17 0.5 pA 
Input Voltage Range +14 +13 +14 Vv 
Supply Current—Positive (Note 5) T, =125°C 27 -45 24 3.2 mA 
. A — 
—Negative (Note 5) 18 3.5 1.6 2.2 mA 


DEFINITION OF TERMS 


INPUT BIAS CURRENT The average of the two input currents. 


INPUT OFFSET CURRENT The difference between the two input 
currents for which the output will be driven higher than or lower 
than specified voltages. 


INPUT OFFSET VOLTAGE The voltage between the input terminals 
required to make the output voltage greater or less than specified 
voltages. 


_INPUT VOLTAGE RANGE The range of voltages on the input ter- 
minals (Common mode) for which all specifications apply. 


OUTPUT LEAKAGE CURRENT The current into the collector output 
terminal with a specified output voltage relative to the emitter output 
terminal and the input drive equal to or greater than a given value. 


RESPONSE TIME The interval between the application of an input 
step function and the time when the output crosses the logic thresh- 
old voltage. The input step drives the comparator from some initial, 
saturated input voltage to an input level in excess of that required 


to bring the output from saturation to the logic threshold voltage. 


This excess is referred to as the voltage overdrive. 


SATURATION VOLTAGE The low output voltage level with the in- 
put drive equal to or greater than a specified value. 


7-92 SUPPLY CURRENT The current required from the positive or nega- 


tive supply to operate the comparator with no output load. The 

power will vary with input voltage, but is specified as a maximum 

for the entire range of input voltage conditions. 

VOLTAGE GAIN The ratio of the change in output voltage to the 

change in voltage between the input terminals producing it. 

NOTES 

Note 1: For the Am111/211/311, derate Metal Can package at 6.8 
mW/°C for operation at ambient temperatures above 75°C, 
the Dual In-Line at 9 mW/°C for operation at ambient tem- 
peratures above 95°C, and the Flat Packages at 5.4 mW/°C 
for operation at ambient temperatures above 57°C, For the 
Am1500, derate Flat Package at 6.5 mW/°C for operation 
at ambient temperatures above 83°C, and the Dual In-Line at 
9 mW/°C for operation at ambient temperatures above 95°C. 

Note 2: Unless otherwise specified, these specifications apply for 
Vt=+15 V, Vi =—15 V, Ve = —15 V, and Ri at collector 
output = 7.5 kf to +15 V. 

Note 3: The offset voltage, offset current and bias current given 
are the maximum values required to drive the collector 
output to within 1V of the supplies with a 7.5 kQ load. 
These parameters define an error band and take into ac- 
count the worst case effects of voltage gain and input 
impedance. 

Note 4: The response time specified (see definitions) is for a 100 mV 
input step with 5 mV overdrive. 


Note 5: The Am1500 supply current specified is the current required 
by each side. 


PERFORMANCE CURVES 
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10-Pin Flat Package PHYSICAL DIMENSIONS 16-Pin Flat Package 


790.015 MAX. 
GLA 


0.0 
MA LASS 
CLIMB 


14-Pin Dual-In-Line 


+t x 
a 110) | 4 La ae .023 Le 375 i : 023 
MIN, -090! 1040 015 325 cr ; 015 


Metal Can Metallization and Pad Layout 
48 x 65 Mils 


‘io INPUT (+) 

MAX. 40 ; INPUT {-) 

SEATING fF _ ADVANCED 
MICRO 

DEVICES INC. 
901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
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Am1i660 


Operational Amplifier 


Distinctive Characteristics 


e An Am308 type monolithic operational amplifier 
electrically specified as a superior replacement for the 
LM301A, LM307, »A741C and »A748C. 


e |; = 25.0 nA maxover temperature 
© Ios = 4.0 nA max over temperature 


Alos e ° 
—- = 40 pA/°C max 


e Power Dissipation = 30 mW max 


FUNCTIONAL DESCRIPTION 


These differential input, precision amplifiers provide low input 
current and offset voltage competitive with FET and chopper 
stabilized amplifiers. They feature low-power consumption 
over a supply voltage range of +2V to +20V. The amplifiers 
may be frequency compensated with a single external ca- 
pacitor and are pin-for-pin interchangeable with the Am308, 
Am301A, & Am 748C. 


A low-cost functional and pin-for-pin replacement for 
Am308 and Am308A. 


e 100% reliability assurance testing in compliance with 
MIL-STD-883. 


e Electrically tested and optically inspected die for the 
assemblers of hybrid products. 


e Mixing privileges for obtaining price discounts. 
Refer to price list 


e Available in metal can and hermetic dual in-line 
packages. 


FUNCTIONAL DIAGRAM 
Frequency Compensation Circuits 


INVERTING INVERTING 
INPUT INPUT 


NON-INVERTING 
INPUT 


APPLICATIONS 


Connection of Input Guards 


_ CO em, 
vi i es 
Am1660 Am1660 Am1660 
C a oY C-) 


INVERTING AMPLIFIER 


*Use to compensate for large source resistances. 


ORDERING INFORMATION 


Part Package Temperature.) Order 
Number Type = Rangé: Number 


Am1660 DIP. ~ AM166039F 
Am1660 Metal Can AM166039T 


°C to +70°C 


FOLLOWER 


+ 


NON-INVERTING AMPLIFIER 


NOTE: Ri R2 


Ri + Aa Must be LOW impedance 


CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line Metal Can 


FREQ. COMP. 8 


INVERTING 
NON-INVERTING INPUT 
INPUT 


NOTES: 


(1) On DIP, pin 7 is connected 
to bottom of package. 


(2)° On Meta! Can, 
pin 4 is connected to case. 
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MAXIMUM RATINGS 


Supply Voltage +18V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Current (Note 2) +10mA 
Input Voltage (Note 3) +15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C, V, = +15 V unless otherwise specified) 


Parameter (see definitions) Conditions 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Input Resistance 


Large-Signal Voltage Gain 


Average Temperature Coefficient 
of Input Offset Voltage 


Input Offset Current 


Average Temperature Coefficient 
of Input Offset Current 


Input Bias Current 


Input Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 


Output Voltage Swing R, = 10 ka 
Large-Signal Voltage Gain Voup = £10 V, R, = 10 kQ 
Supply Current T, = +70°C 

T, =0°C 


DEFINITION OF TERMS 

AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
CURRENT The ratio of the change in Input Offset Current over 
the operating temperature range to the temperature range. 
AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFFSET 
VOLTAGE The ratio of the change in Input Offset Voltage over 
the operating temperature range to the temperature range. 
COMMON MODE’ REJECTION RATIO The ratio of the input voltage 
range to the peak-to-peak change in input offset voltage over this 
range. . 

INPUT BIAS CURRENT The average of the two input currents. 
INPUT OFFSET CURRENT The difference in the currents into the 
two input terminals when the output is at zero. 

INPUT OFFSET VOLTAGE That voltage which must be applied 


between the input terminals through two equal resistances to obtain - 


zero output voltage. 

INPUT RESISTANCE The ratio of the change in input voltage to 
the change in input current on either input with the other grounded. 
INPUT VOLTAGE RANGE The range of voltages on the input 
terminals for which the offset specifications apply. 

LARGE-SIGNAL VOLTAGE GAIN The ratio of the output voltage 
swing to the change in input voltage required to drive the output 
from zero to this voltage. r 

OUTPUT RESISTANCE The resistance seen looking into the out- 


7-96 put terminal with the output at null. 


Vout = £10 V, R, = 10 ko 


Supply Current 


10 mV 
eee 
es ee 

es es ee 
Taes fC v 
ee ee dB 

200 750 uA 

300 1000 pA 


OUTPUT SHORT-CIRCUIT CURRENT The maximum output current 
available from the amplifier with the output shorted to ground or to 
either supply. 

OUTPUT VOLTAGE SWING The peak output voltage swing, re 
ferred to zero, that can be obtained without clipping. 

POWER SUPPLY REJECTION RATIO The ratio of the change in 
input offset voltage to the change in power supply voltages pro- 
ducing it. 

SUPPLY CURRENT The current required from the power supply 
to operate the amplifier with no load and the output at zero. 
SLEW RATE The internally-limited rate of change in output voltage 
with a large-amplitude step function applied to the input. 


NOTES 


Note 1: Derate Metal Can package at 6.8 mW/°C for operation at 
ambient temperatures above. 75°C and the Dual In-Line 
package at 9 mW/°C for operation at ambient temperatures 
above 95°C. 

Note 2: The inputs are shunted with back-to-back diodes for over- 
voltage protection. Therefore, excessive current will flow 
if a differential input voltage in excess of 1 V is applied be- 
tween the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than +15V, the maximum input 
voltage is equal to the supply voltage. 


TYPICAL PERFORMANCE CURVES 


Input Currents Maximum Drift Error Maximum Offset Error 
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Closed Loop Large Signal Voltage Follower 
Output Impedance Frequency Response Pulse Response 
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OUTPUT IMPEDANCE-2 
OUTPUT SWING-+V 
VOLTAGE SWING-V 
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ADDITIONAL APPLICATIONS 


GUARDING 


Extra care must be taken in the assembly of printed circuit boards to take full advantage of the low input 
currents of the Am1i660 amplifier. Boards must be thoroughly cleaned with TCE or alcohol and blown dry with 
compressed air. After cleaning, the boards should be coated with epoxy or silicone rubber to prevent con- 
tamination. 

Even with properly cleaned and coated boards, leakage currents may cause trouble at 70°C, particularly 
since the inputs pins are adjacent to pins that are at supply potentials. This leakage can be significantly 
reduced by using guarding to lower the voltage difference between the inputs and adjacent metal runs. 
Input guarding of the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs are empty when it is inserted in the board. The 
guard, which is a conductive ring surrounding the inputs, is connected to a low impedance point that is at 
approximately the same voltage at the inputs. Leakage currents from high-voltage pins are then absorbed 
by the guard. 

The pin configuration of the dual in-line package is designed to facilitate guarding, since the pins 
adjacent to the inputs are not used (this is different from the standard Am748C and Am301A pin configuration.) 


COMPENSATION 


OUTPUT 


BOTTOM VIEW 


Board layout for Input Guarding with TO-99 package. 


PHYSICAL DIMENSIONS 


Metal Can Dual-In-Line 
0.370 
re 0335014 


.040 
MAX. 


SEATING JT _ 
PLANE 


Metallization and Pad Layout 


ADVANCED 
MICRO 
DEVICES INC. 


901 Thompson Place 
Sunnyvale 

California 94086 

56 x 56 Mils (408) 732-2400 
‘ TWX: 910-339-9280 

TELEX: 34-6306 
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$SSS725°SSS741°:SSS747 


High-Performance Operational Amplifiers 


Functional Description 


The SSS series are high-performance operational amplifiers de- 
signed for systems demanding extremely high accuracy. Superior 
DC and AC characteristics of low input offset voltage, low input 
offset current, low input bias current and high large signal voltage 
gain provide performance comparable to discrete or hybrid mod- 
ules. The SSS series are functionally, electrically and pin-for-pin 
equivalent to the PMI SSS series. 


Distinctive Characteristics 


@ Superior DC and AC characteristics Vos, los, Avo, |B, 
CMRR, PSRR 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ Mixing privileges for obtaining price discounts. Refer 
to price list. 


CONNECTION DIAGRAMS 
$SS725 $SS741 Top View SSS747 


Metal Cans 


OFFSET 
NULL 


INVERTING es 
INPUT 
ouTPUT 
NON-INVERTING YY Of / FREQUENCY 
(NeUT COMPENSATION 


Notes: 


(1) All leads through. No pins 
connected to case on SSS725. 
(2) Pin 4 connected to case 
on SSS741. 


Dual-In-Line 


INVERTING OFFSET 
input a CY mone, 


OFFSET 
NULLA 


Ver 7 INVERTING 
OFFSET Q INPUT 8B 
NULLB 
NON. INVERTING. O/NON-INVERTING 
INPUT B T INPUT 


INVERTING 
INPUT B = 


Flat Package ee 


ININPUT a CJ H— OFFSET = (1), On Metal Can, 
pin 5 is connected to case. 
(2) On DIP, pin 4 is connected 
to bottom of package. 
(3) On Flat Package, pin 4 is 
invenvinie Lot = connected to bottom of 
INPUT B package. 


FUNCTIONAL DIAGRAMS 
S$$$725 $S$741 SSS747 


INVERTING 


INPUT INVERTING 6 


INPUT 


NON- INVERTING 


NON-INVERTING 
INPUT INPUT ss 


OFFSET 
NULL 


ORDERING INFORMATION 


Order Package Temperature 
Number Type Range 


SSS725AJ Metal Can —55°C - +125°C 
$SS725J Metal Can —55°C - +125°C 
SSS725BJ Metal Can ~—25°C - +85°C 
SSS725EJ Metal Can 0°C-+70°C 


$S8S741J Metal Can —55°C - +125°C 
$SS741CJ Metal Can O°C - +70°C 


SSS747K Metal Can —55°C - +125°C 
S$SS747P Hermetic DIP —55°C - +125°C 
SSS747M Flat Pak —55°C -+125°C 
SSS747CK Metal Can 0°C-+70°C 
SSS747CP Hermetic DIP 0°C - +70°C 


INVERTING INVERTING 
INPUT A INPUT 8B 
: O 


O O 
NON-INVERTING NON-INVERTING 
INPUT A INPUT B 


SSS725 FREQUENCY 


Compensation 
Component Values 


AVCL Ry C4 R2 
(2) (nF) (2) 
1000 470 1.0 
100 47 10 
10 27 50 
1 10 50 


*Use R3= 51 2 when the amplifier is operated with capacitive loads. 
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MAXIMUM RATINGS HIGH-PERFORMANCE INSTRUMENTATION OP AMP SSS725 
Supply Voltage +22V 
Internal Power Dissipation (Note 1) 


Metal Can (TO-99) eon 
Differential Input Voltage +5V 
Input Voltage (Note 2) +22V 
Storage Temperature Range —65°C to +150°C 
Operating Temperature Range 

SSS725A, SSS725 —55°C to +125°C 

SSS725B —25°C to +85°C 

SSS725E, 0°C to +70°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
Output Short-Circuit Duration Indefinite 
ELECTRICAL CHARACTERISTICS (Vs = +15V, Ta = 25°C Unless Otherwise Specified) 

SSS725A SSS725/725E $SS725B 
Symbol Parameter Condition Min. Max. Min. Max. Min. Max. Units 


Input Offset Voltage 
Vv 
(Without external trim) Res 20k 


Input Noise Voltage (Note 3) 


nV//Hz 
nV//Hz 


Input Noise Current (Note 3) 
Input Resistance 


Avo Large Signal Voltage Gain 


Common Mode Rejection Ratio 


| PSRR- Power Supply Rejection Ratio : 
7 


Avo Large Signal Voltage Gain = +0. 100,000 100,000 2 


[Pa | Power Consumption Sid Vass 


The Following Specifications Apply Over The Operating Temperature Ranges 


SSS725A SSS725 SSS725E SSS725B 
Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. 
Vos Input Offset Woltage Rg < 20k2 0.7 1.0 mV 
(Without external trim) 
Average Input Offset Voltage Drift = 2.0 2.8 ° 
Average Input Offset Voltage Drift - 1.0 ° 
(wimexcemat vim wetes) | “88 | 8 is . (vote 
4.0 5.0 nA 
18.0 


. Ta MAX. 70 
| ts | eS CU Ta MIN, 


Common Mode Rejection Ratio | Ry <20KA a a 


los 
Vo = 210V;Ta MAX. | 1,000,000 1,000,000 1,000,000 1,000,000 
eee ae on Ri > 2k2;Ta~ MIN. | 700,000 500,000 800,000 500,000 
Vom 


Input Offset Current 


4.0 
20 
60 
| Vom | Maximum Output Voltage Swing Ry = 2k2 +12.0 +12.0 


Notes 1. Derate at 6.8mW/°C for operation at ambient temperatures above 75°C. 

For supply voltages less than +22 V, the absolute maximum input voltage is equal to the supply voltage. 

Parameter is not 100% tested. 90% of all units meet these specifications. 

Thermoelectric voltages generated by dissimilar metals at the contacts to the input terminals can prevent the realization of the performance 
indicated if both sides of the contacts are not kept at approximately the same temperature. Therefore, the device ambient temperature should not 
be altered without simultaneously changing the contact temperature. 


PUN 


MAXIMUM RATINGS HIGH-PERFORMANCE FREQUENCY COMPENSATED OP AMP SSS741/741C 


Supply Voltage 


$SS8741 +22V 

SSS741C +18V 
Interna! Power Dissipation (Note 1) 500mW 
Differential Input Voltage +30V 
Voltage between Offset Null and V— t0.5V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration (Note 3) Indefinite 
Operating Temperature Range 

SSS741 —55°C to +125°C 

SSS741C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) (Note 4) 588741 SSS741C 
Symbol Parameter . Conditions Min. Max. Min. Max. Units 


Input Offset Voltage Rg, < 50kQ 


Input Offset Current 


Input Bias Current 


input Resistance 


V, = +15V, Ry > 2k2 
Vout =+10V 


ii Vs = #15V, RL > 10k9 
RL > 2k2 


Vs = £20V £15 
eRR | PoverSuppiyReecion ao | myc@oan——~—S«SSSCSCSC«O 
oe] 


Large-Signal Voltage Gain 


Output Voltage Swing 


70 


Py Power Consumption Vs < +15V 


The Following Specifications Apply Over the Operating Temperature Range 
Input Offset Voltage R, < 50k2 


Input Offset Current 


Input Bias Current 


Large-Signal Voltage Gain V,=215V, RL = 2k2 
Vout = +10V 

Vg = t15V, Ry > 10k2 
RL 2 2kQa 


Output Voltage Swing 


eres 
Input Voltage Range Vs = +20V 


Common Mode Rejection Ratio Rs < 50k2 


Power Supply Rejection Ratio R,<50k2 


Notes 1. Derate metal can package at 6.8mW/°C for operation at ambient temperatures above 75°C. 
2. For supply voltages less than +15V, the maximum input voltage is equal to the supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature. 
4. The SSS741 specifications apply for +5V < V, <+t20V. The SSS741C specifications apply for V,=+t15V. 


GUARANTEED PERFORMANCE 


Input Voltage Range Output Swing Voltage Gain 

106 

> 

+ 

| 100 

w 2 S 

2 

< ) z= 94 

fra 2 < 

Ww 

2 & 3 

ar 5 < 88 = 

fo) oa 

: 2 g 

5 = 82 

z — 55°C <Ta < 125°C L__s5°c <T, < 125°C 
76 


5 10 15 20 5 10 18 20 
SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V SUPPLY: VOLTAGE — +V 7-101 
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MAXIMUM RATINGS HIGH-PERFORMANCE DUAL FREQUENCY COMPENSATED OP AMP SSS747/747C 


Supply Voltage, 


$SS747 +22V 
SSS747C +18V 
Internal Power Dissipation (Note 1) 
DIP, Meta! Can 800mW 
Flat Package 500mW 
Differential Input Voltage +30V 
Voltage between Offset Null and V— +0.5V 
Input Voltage (Note 2) t15V 
Output Short-Circuit Duration (Note 3) Indefinite 
Operating Temperature Range 
SSS747 —55°C to +125°C 
SSS747C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) (Note 4) 
$SS747 $SS747C 
Symbol Parameter Conditions Min. Max. Min. Max. Units 
| los | Input Offset Current 
— Input Bias Current il 50 | 100 a 
Input Resistance 2.0 1.0 = MQ 
Avo Large Signal Voltage Gain | ear = +15V, 100 50 wae Tl 
Vom Output Voltage Swing a a oon Ri> 10k2 | s oe _ : | 
CMVR T Input Voltage Range “a ey a7 ig et2 a 7 _ 
CMRR Common Mode Rejection Ratio Rs < 50k2 [_ 80 L 70 dB | 
| PSRR_ | Power Supply Rejection Ratio Rs < 50k2 100 150 [aviv 
Pg Power Dissipation Vs <+15V | 85 ni 85 | mw | 
} cs Channel Separation 100 dB 
The Following Specifications Apply Over The Operating Temperature Ranges 
Vos Input Offset Voltage Rg < 50k2 3.0 i 6.0 mV 
los Input Offset Curren 10 50 nA 
lip | Input Bias Current C : 100 IK 150 1 ‘he | 
Avo Large Signa! Voltage Gain a See Macnee Ys 25 25 VimV 7 
5 A Ty + 
Vom Output Voltage Swing i; i 7 ae EG TOKE | ie ne us | 
CMVR Input Voltage Range ob 7 =+20V +15 | | v 1 
CMRR Common Mode Rejection Ratio Rs < 50k2 80 70 dB | 
| PSRR Power Supply Rejection Ratio R, < 50k2 100 150 ie uV/V 
Notes 1. Oerate metal can package at 6. 8 mW/°C for operation at ambient temperatures above 30° C, the dual-in-line package at 9mW/°C for operation at 


ambient temperatures above 60 C, and the Flat package at 5. 4mw/°C for Operation at ambient temperatures above 57°C. 


2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Short circuit may be ground or either supply. Rating applies to 128°C case temperature or +60°C ambient temperature for each side. 

4. The SSS747 specifications apply for t5V < V,< +20V, unless otherwise noted. The SSS747C specifications apply for +5V < Vg < +15V, unless 
otherwise noted. 


| 

sensor! 
THERMOCOUPLE | 
| 
| 


REFERENCE | 
THERMOCOUPLE | 


Notes: 


(1) Ry‘ is adjusted so that the sum of Ry’ and the thermocouple 
circuit resistance equals the correct value for Ry. 
(2) See Frequency Compensation Circuit. 


TYPICAL APPLICATIONS 
Thermocouple Amplifier $SS725 


R2 


High Gain Non-Inverting Amplifier 


R2 


For ideal resistors and open loop gain greater 
than 10®, in a +1000 gain configuration, the 
gain error will be less than 0.1% and input 


impedance will be greater than 7OOMQ2. 


$SS741 


Differentiator Unity Gain Voltage Follower 


INPUT O 


Ryy = 400 MQ 
Cin = IPF 

Rout << 12 
B.W. = 1 MHz 


$SS747 


Notch Frequency as a 
Quadrature Oscillator Function of C4 


SINE 
OUTPUT 
“9 


COSINE 


OUTPUT 


CENTER FREQUENCY — Hz 


0.001 0.01 0.1 


c 
f 1 
4s (RC = RCS) % 
Inept 202 [ 820pF 1 CAPACITOR C, — uF 


Integrator 


Notch Filter Using 
the 747 as a Gyrator 


Rq 
7.5kQ 
TRIM Rq SUCH THAT 
Ry_ F3 
Rg Tig 
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Metallization and Pad Layouts 


$SS725 


q 


SSS741 SSS747 


OUTPUT A ———4 — OUTPUT 8 


INPUT B (-) 


INPUT A (+) ee | zs (INPUT B (+) 


NULL B 
v- 


INPUT (-) | 


(INPUT (+) 


PHYSICAL DIMENSIONS SSS747 
Metal Can Flat Package Dual-In-Line 


370 
335 : .750 MIN. 


.040 
MAX. 
t 
SEATING t 
PLANE 
10_LEADS 


ao aa | L_ 2x | 


SEATING 
PLANE 


MIN. ADVANCED 
8 LEADS 
0.019 pia, 


aot6 0. MICRO. 
; bee DEVICES INC. 
901 Thompson Place 
Notes: Sunnyvale 
(1) All dimensions in inches. California 94086 
(2) Lead d-plated k qi 
(3) AWed ek No sins conned (408) 732-2400 


to case on SSS725. TWX: 910-339-9280 
(4) Pin 4 connected to case on SSS741. TELEX: 34-6306 
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Applications | 5c 


A DESIGNER’S GUIDE 
TO LOW POWER MSI 


A DESIGNER’S GUIDE TO LOW-POWER MS! 


A good system design meets three goals: minimum package 
count, maximum speed and minimum power dissipation. 
Advanced Micro Devices’ family of low-power MSI circuits 
provides an important tool for achieving these goals and for 
optimizing total sytem performance. 


Low-power MSI gives the logic designer the ability to trade off 
power and speed in his system to his best benefit. When only 
standard TTL/MSI is used, many devices operate at speeds 
much greater than that required by: the system. This extra 
unused speed costs power. The Am93L family of low-power 
MSI has been designed to reduce power consumption and at 
the same time to maintain speed and drive capability at levels 
compatible with most system applications. As a general rule, 
low-power MSI devices consume one-fourth the power and 
Operate at about one-half the speed of the equivalent standard 
MSI device. 


The low-power MSI family includes all the functional building 
blocks of standard 9300 series MSI. The devices are pin-for-pin 
compatible and, in many cases, can simply be substituted for 
the standard part in existing systems. Low-power devices from 
Advanced Micro Devices are designated by an ‘L’ following the 
‘93’ prefix. For example, the low-power version of the 9316 
counter is the Am93L16. 


Because the 93L family has been designed with the total 
system in mind, the devices all have sufficient drive capability 
to interface with standard TTL circuits. Most outputs will 
drive three TTL loads, so there is generally no problem in 
mixing standard and low-power devices in the same system. By 


TABLE 1 


Am93L Series Standard 9300 Series | % reduction in power 

speed power speed power using 93L 
93L00 four bit shift reg. 1OMHz 75mW 300mWw 75% lower 
931.01 one of ten decoder 50ns 50mW 135mW 63% lower 
93L08 duat four bit latch 30ns 100mWw 325mW 69% lower 
93L09 dual four input mux 30ns 37mW 150mW 75% lower 
93L10 decade counter 13MHz 75mW 300mWw 75% lower 
93L11 one of sixteen dec. 50ns ; S8mW 175mW 67% lower 
93L12 eight input mux 30ns 45mWw 135mW 67% lower 
93L14 four bit latch 32ns 50mW 175mw 71% lower 
93L16 hexadecimal counter 13MHz 75mW 300mWw 75% lower 
93L18 priority encoder 29ns 75mW 275mW 73% lower 
93L22 quad two input mux 31ns 45mWw 150mW 70% lower 
93L.24 five bit comparator 68ns 52mW 195mW 74% lower 
93L28 dual 8 bit shift reg. 16MHz 80mwW 300mWw 73% lower 
93L38 multiple port memory 170ns 99mWw 320mW 69% tower 
93L40 four bit ALU 56ns 110mW A25mW 74% lower 
93L41 four bit ALU 48ns 125mW 470mW 73% lower 
31L01 16w x 4b RAM 75ns 130mW 450mw 71% lower 
96L02 dual one-shot 55ns 50mWw 175mW 72% lower 
26L02 duat one-shot 55ns 50mw 25ns 175mW 72% lower 


LOW POWER MS} 
Ipp VS. TEMP (70 UNITS OF 
93L01 USED) 
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Fig. 1. 


selecting low-power devices wherever speed is not critical and 
standard devices wherever speeds are crucial, the system de- 
signer can greatly reduce the power consumption of his system 
without sacrificing system speed. 


The table below lists the members of the 93L family com- 
paratively with the standard 9300 series devices. All the 
devices are available in both military and industrial tempera- 
ture ranges. 


Because monolithic resistor values change with temperature, 
the power dissipation of the circuits is also a function of 
temperature. Figure 1 shows power consumption over full 
temperature ranges as a factor of the power dissipation at 
25°C ambient. Guaranteed maximum power supply currents 
are given in the individual data sheets for each product for 
minimum, maximum and room temperature. 


Input and Output Characteristics of Low-Power MSI 


Low-power MSI uses the same basic circuits that are used in 
standard TTL. The lower power is achieved by changing re- 
sistor values and processing parameters. A typical LP/MSI 
input and output circuit is shown in Figure 2. 


OUTPUT 


INPUTS | 


Fig. 2. Typical Low Power Output and Input 


8-1 


8-2 


When an output is HIGH, Q3 is on and Q4 is off. The output . 


voltage rises to about three volts, and current may be supplied 
via R6 and Q3. When an output is LOW, Q3 is off and Q4 is 
on. Current is sunk from the output to ground through 04, 
with the output voltage lying at V (sat), or around 0.2 volt. 


When an input is HIGH, then the emitter-base junction of Q1 
is reverse biased, and only a small leakage current will flow 
into the input. A LOW input turns on Q1 and current flows 
from Vcc through R1 and Q1 and out the input. 


Since the resistors R1 and R6 are four times as large as the 
corresponding resistors in standard TTL, currents in the input 
and output are only one-fourth as large. Voltage levels are 
about the same in both standard and low power devices. 


The logic LOW and HIGH voltage levels are defined in Table 
I. 


Table Il 
Logic Levels of Low-Power MS! 


voltage on output when 
output is LOW 


Parameter 


VOL 


highest voltage guaranteed 
to be interpreted as a LOW 
at an input 


VIL 


voltage on output when 2.4 V min. 


output is HIGH 


2.0 V min. 


lowest voltage guaranteed 
to be interpreted as a 
HIGH on an input 


These voltages, of course, are specified at particular currents. 
The input currents are designated Ij} in the HIGH case and 
lui in the LOW case. Output levels are specified at IOW and 
lOL for a HIGH and LOW output, respectively. Table I!1 gives 
low power Unit Load values for these currents. 


Table Il 
Input and Output Currents 


input reverse current at 20uA max 


2.4V 


input forward current at | —0.4 mA max 


0.3V 


—0.4 mA min 


output HIGH current at 
2.4V 


output LOW current at 0.3 4.0 mA min 


Vv 


Although the standard TTL load is defined at a different LOW 
voltage than the 93L unit load, the Am93L family is guaran- 
teed to drive a mixture of standard and low-power inputs. For 
example, assume a low-power MSI device with loading rules as 
shown below: 


LOADING RULES 


In Unit Loads (Notes) 
TTL LOADS 


93L LOADS 


Input Load Factor 
Ao, A1, A2, A3 


Output Drive 


All outputs 


NOTES: 

1) A TTL Unit Load is specified as 0.4 V at —1.6 mA LOW, 2.4 V at 
40 pA HIGH. 

2) A 93L Unit Load is specified as 0.3 V at—0.4mA LOW, 2.4 V at 
20 vA HIGH. 


3) Enough Output LOW current is available to mix TTL and 93L 
Loads and still meet the 93L requirement of a Voy of 0.3 V. 


The outputs can drive twelve 93L loads in either the HIGH or 
LOW state. This means that an output can be connected to 
twelve inputs of one load each. Alternatively, the output can 
drive three standard TTL inputs of one TTL load each. It is 
also possible to mix standard and low-power inputs. Enough 
current can be sunk in the LOW state to drive one or two 
standard TTL input loads while holding the output level below 
the 0.3 volt Vo. of the low power devices. Hence, the output 


described can drive any combination of loads shown in the 


table below: 


Additional 93L loads 


TTL Loads Driven which can be driven 


2 4 


3 0 


If these loading rules are adhered to, then noise margins (VOH 
— Vin: Vit — VoL) will be at least 400 mV over the full 
temperature range for which the device is. specified. For low- 
power outputs driving standard TTL inputs, the noise margin 
in the LOW state is increased to at least 500 mV. 


Low-power MSI devices may be driven by standard TTL 
outputs. In this case the fan-out of the TTL device should be 
multiplied by four in the LOW state and two in the HIGH 
state to determine the number of 93L loads that may be 
driven. Most TTL outputs have a fan-out of twenty HIGH and 
ten LOW TTL loads. This is equivalent to forty 93L loads 
HIGH and LOW. 


There is a reduction in guaranteed LOW level noise margin to 
300 mV because the VoL of standard TTL is 0.4 volt and the 
Vit of LP/MSI is 0.7 V. In actual practice, the noise margin 
will be higher than 300 mV because the low-power V|_ drops 
to 0.7 V only at the temperature extremes, and even with full 
loading the standard TTL Vo_ is rarely as high as 0.4V. 


These noise margins are illustrated graphically in Figure 3. 
Because the low-power devices are slower than standard power 


devices, the AC noise immunity is increased in a low-power 
system. The devices are less susceptible to false triggering and 
amplification of noise spikes than their standard power 
equivalents. 


Switching Characteristics 
The basic switching considerations in low-power MSI are 
identical to those in standard MSI; the times are just a little 
longer. Some of the terms used are defined and illustrated in 
the next few paragraphs, 


1. tod + and tpd— 

These are the standard designations for delays through 
combinational logic networks. The delay from an input change 
to an output going LOW is called ‘‘tpq—"; the delay to an 
output going HIGH is “‘t pdt”. A typical waveform is shown in 
Figure 4. 


In this waveform, the output will change at some time during 
the interval marked with diagonal ‘lines. The output is guaran- 
teed to be settled by tpgt max. Some devices also have a 
guaranteed tpg min, which is the earliest that the output will 
change following an input transition. 


2. ts: set up, hold and “release” times 

For synchronous devices or devices with latches, some inputs 
must be stable for a certain time interval before the end of the 
clock or enable pulse. This interval is the region in time during 
which devices are ‘‘sampling’’ their inputs. As an example, 
consider a latch with a D input and an active LOW enable. The 
latch will store the information present on its input just before 
the enable goes HIGH. The question is, how long does the 
input level have to be present before the enable goes HIGH. A 
particular device will sample its input at some exact instant, 
but in a group of devices some are slower than others. The 
result is an interval at some time during which all devices, fast 
or slow, will sample their inputs. 


Most inputs respond differently to HIGH and LOW data. 
There are, therefore, two set-up times for an input on a given 
device, the HIGH set-up time, ts, and the LOW set-up time, 
tsi. Let’s assume that for the latch, the following numbers are 
specified: 


Parameter Definition min typ max units 
tsH HIGH data set-up time -5 -1 5 ns 
tsL LOW data set-up time 0 10 16 = ns 


These numbers mean that the slowest devices require 5ns. 
before the end of the enable to respond to a HIGH and 16 ns. 
to respond to a LOW. The fastest devices will store a LOW if it 
appears coincident with the end of the enable and a HIGH if it 
appears 5ns. after the enable. 


To reliably store data, the following rules must be followed. 


1. Storing a HIGH 

The HIGH level must be applied by ts} max. in order to 
guarantee the slowest devices responding. The HIGH must be 
maintained until after ts, min. to guarantee that the fastest 
devices do not respond to a LOW. 


2. Storing a LOW 
The LOW must be applied by ts, max. and must be main- 
tained until after tsfy min. 


Low Power to Low Power 
Voltage Interface Conditions — LOW & HIGH 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


OUTPUT/INPUT VOLTAGE LEVELS ~— VOLTS 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


IMMUNITY 
(High level) 


MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


IMMUNITY 


(Low level} 
DRIVING DEVICE 


Low Power MSI 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


Vito 
MAXIMUM LOGIC 


“LOW" INPUT 
VOLTAGE 


DRIVEN DEVICE 


Low Power MSI 


Standard to Low Power 
Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


ina Nt 


= 
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Fig. 3. Noise Margins in Low Power and Mixed Systems 


A timing specification waveform is shown below, Figure 5 
shows the input requirements for writing a HIGH and a LOW 
as two separate cases. 
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SWITCHING TIME WAVEFORMS 
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Key to Timing Diagrams 
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THE Am2506-- 
A LATCHING ALU 


By John Springer, Digital Applications 
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The Am2506 is a monolithic device that combines in a single 
package two functions commonly used together: a four-bit 
arithmetic logic unit (Am74181) and a four-bit latch. 


Like the Am9341 or Am74181, the device performs addi- 
tion, subtraction, or any logic function on two 4-bit words, 
Ago—3 and Bo—3. The operation is determined by the mode 
control, M, and the four select lines So_3. The look-ahead 
carry functions, G and P, are produced as well as a carry-out 
signal, Cn+4. The function outputs of the device are O9_3. All 
these signals are located on the same pins as the corresponding 
signals on the Am9341 and Am74181. 


The pin labeled ‘“’E" is an active HIGH latch enable. As long as 
this pin is HIGH, data from the ALU appears directly on the 0 
outputs, and the device operation is identical to the Am9341 
in all respects including switching speeds. (The only difference 
is that the A=B output of the Am9341 has been replaced by 
the latch enable pin in the Am2506.) When the enable goes 
LOW, the data on the Q outputs latches and no further 
changes occur. This allows the inputs to the device to change 
without destroying the output data from the previous 
operation. 


The Am2506 allows very high speed system operation in a 
“‘pipelined’’ mode, because the data can be synchronized at 
the Am2506 output. For example, the system shown in Figure 
3 adds eight different numbers to produce a single sum. Using 
ordinary ALUs, signals must propagate through three levels of 
devices before the result is obtained. Using the Am2506, there 
are stil! three levels of devices, but the system can work on 
three problems at once. While the last Am2506 is adding the 
latched outputs of the second level, the second level is adding 
the latched outputs of the first level, and the first level is 
performing the initial addition of four new pairs of numbers. 
For a series of operations, the average delay is that of one level 
of ALUs rather than three levels. 


LOGIC DIAGRAM 
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ey 


aaa —TH 


Another application of the Am2506 involves using it in con- 
junction with a latch, as shown in Figure 4. Since the circuit 
has an active HIGH enable and the latch has an active LOW 
enable, the same signal can be applied to both pins, producing 
master-slave type operation. In Figure 4, the Am2506 outputs 
go to eight quad latches, and one of the latches is selected by 
the Am9301 decoder. Data is applied to the Am2506 input 
while the “clock” is LOW. When a HIGH level occurs on the 
clock fine, the result is transferred, synchronously, into the 
selected latch. Any of the latch outputs can be fed back to the 
Am2506 inputs with no race conditions occurring. 


Mode! of Am2506 Arithmetic Logic Unit 


EXACTLY LIKE 
54/74181 ALU 
IN ALL RESPECTS 


POWER DISS = 0 


tpd = 0 


Figure 2 
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High Speed Multiple Word Adder Using Am2506s 
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Figure 3. 


Using quad latches with Am2506 to form multiple master-slave registers. 
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Figure 4. 


16-Word Arithmetic Register 4-Bit Slice 


ACCUMULATOR ENABLE MEMORY ENABLE 


REGISTER 
ADDRESS 
SELECT 


Am3101 
RAM 
16W X 4B 


FUNCTION TABLE 
Arithmetic (M = L, C, =H)| Logic (M =H) 


A 


A plus B 
AB minus 1 
Aplus AB 
AB plus [A + B] 
AB minus 1 
A plus A (2 x A) 
A plus [A + B] 
A plus [A + B] 
A minus 1 


o 


Logic ‘1’ 
A+B 
A+B 


L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 


=x 


L = Low Voltage Level 
H = High Voltage Level 


Figure 5. 


A variation of this system is shown in Figure 5, in which the 
Am2506 is used with the Am3101 16-word by 4-bit RAM. A 
four-bit latch, in this case half of an Am9308, is used as an 
accumulator, and the Am3101 is used as 16 data registers. The 
output of the Am2506 can be stored in either the accumulator 
tatch or in the Am3101 memory. Data can enter the system on 
the open collector outputs of the memory and through the 
Am2506 using the “‘pass B’’ operation code. Note that since 
the memory inverts data passing through it, the B inputs to the 
Am2506 are interpreted as active LOW. To compensate for 
this, each of the functions in the function table has been 
modified by inverting the B variable. 


The Am2506 can be used in conjunction with the Am2505 
digital multiplier to perform multiplication at a very high rate. 
Ordinarily multiplication is performed with the Am2505 by 


connecting the multipliers in an array. Each row of Am2505s_ 


generates a partial product dependent on the multiplicand and 
two bits of the multiplier. Each row of Am2505s then adds its 
partial product to that of the row above it, by means of an 
internal high-speed adder. When the addition has rippled 
through each row in the array, then alf the partial products 


have been added together, and the outputs of the bottom row 
are the final product. Instead of using the internal adders in 
the Am2505s to sum the partial products, it is possible to 
allow each row to generate its partial product independently 
and then to add together the outputs of each row using 
separate high-speed look-ahead carry adders. When the 
Am2506 is used as the adder, then additional speed is gained 
because each level in the system can operate- independently. 
This is outlined in Figure 6 for an eight by eight 
multiplication. 


Four independent rows of Am2505 multipliers form four 
partial products in parallel. The partial products are latched 
and sent to two adders. As soon as the partial products are 
latched, a new multiplier and multiplicand can be applied to 
the Amz505s, so the next partial products are formed at the 
same time the first set is being added in the Am2506s. 
Another set of Am2506s forms a third level at which the final 
summation takes ‘place. Assuming worst case propagation 
delays at 25°C, this system can accept new 8-bit operands 
every 100 ns. Typical delays allow operation at a 15 MHz rate. 
Figure 7 shows a 16 by 16 multiplier. 
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Very high-speed multiplication uses four arrays of AmM2505 multipliers followed by two sets of adders — 
for summing the partial products. The three levels of the system are operated ina “‘pipelined” fashion. 


Figure 6. 
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TTL MSI ARITHMETIC 
LOGIC UNITS 


By Clive Ghest, and John Springer, Digital Applications 


INTRODUCTION 


The arithmetic logic unit in a digital machine is usually the 
limiting element in the speed of a system. Now that MSI 
arithmetic logic units are available, much of the tedious design 
effort previously necessary has been reduced. These elements 


offer considerable cost and speed savings over an inter-. 


connected gate design, as well as reliability improvement. 
Complex MS!Is give new emphasis to using hardware for solving 
problems previously performed in software, such as digital 
filter and Fast Fourier Transform calculations. 


TECHNICAL BACKGROUND 


An ALU is a digital subsystem that can perform various 
arithmetic and logic operations on two input variables. Speed 
is generally of the utmost importance, and, therefore, the 
rhajority of ALUs operate on parallel words. Maintaining high 
speed in a parallel operation presents a difficulty because the 
calculation starts at the least significant end of a word and 
proceeds to the most significant end. The result of an arith- 
metic operation at any bit position in the word depends not 
only on the two operand bits at that position, but also on all 
the less significant operand bits. The complete result is there- 
fore not available until the carries have rippled through from 
the least to the most significant bit. The equations for the 
arithmetic operation “add” are: 


Sj = Aj ® Bj ® Cj 
Cj+1 = AjBj + BiCj + AjC; 


RIPPLE CARRY PARALLEL ADDITION 


where Aj and Bj are the input operands at the ith bit, C; is the 
carry-in to the ith bit and Cj+1 is the carry-out of the ith bit 
into the (i+1)th bit. 


These iterative equations indicate that the delay for the 
addition of two n bit numbers is n—1 carry delays and one 


‘sum delay. A ripple carry adder for which this is indeed the 


case is shown in Figure 1. The adders are Am9304s. 


In order to increase the speed of addition, extra logic must be 
used to anticipate what the carry will be at a given position 
without waiting for a ripple carry to propagate through the 
network. An adder constructed with carry anticipation 
circuitry is called a ‘look-ahead carry adder” 
The carry-out of the ith bit of an adder is: 

Cj+1 = Aj Bj + Cj (Aj + Bi) 
Define two auxiliary equations: 

&j = AjBj Vj = Aj + Bj 
Then = Cj44 = &j + VC; 
and by substituting for Cj, Cj_7 etc. 

Cj+1 = &j + Vi&i-1 + ViVi-1&i-2 

+...+ (VjVji-1Vj-2.. Vo Co) 

An anticipated carry can be generated at any stage by imple- 
menting the above equation, using the auxiliary functions &j 


and Vj. The sum equation can also be written in terms of these 
two auxiliary functions. 


PROPAGATION DELAY AND 
PACKAGE COUNT AGAINST 
WORD LENGTH FOR 
RIPPLE CARRY ADDITION 


20 


PACKAGE COUNT 


a 
e 
1 
> 
< 
a 
w 
a 
z 
° 
= 
< 
Oo 
< 
a 
fe) 
c 
a 


20 30 
NUMBER OF BITS 


Shown above is a high-speed ripple carry parallel addition scheme. Only one and-or-not gate delay is 
incurred at each stage allowing a typical addition speed of (N + 1) x 8 ns, where N is the number of bits in 
the word. The curve shows propagation delay of the ripple-Carry Adder drawn on the left. Plotted on the 
same diagram is a curve showing the low package count resulting from the Ripple Scheme. 


Figure 1. 


Ripple Carry Adder 
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Figure 2. Single Level Look-Ahead Adder Using Auxiliary Functions 


Sj = Aj ® Bj ® Cj 
Sj = (Aj + Bj) (Aj Bj) @ Cj 
Sj = Vi&j © C; 


All the functions &j, Vj can be generated in one gate delay, 
and all the Cj+7 signals in another gate delay. The sum terms 
Sj can therefore be obtained in approximately three unit delay 
times as against n+1 delay times for the ripple mode of 
operation. Figure 2 shows an adder using auxiliary equations. 


The auxiliary function &; is called ‘carry generate,”” because if 
it is true, then a carry is immediately produced into the next 
stage. The function Vj is called ‘‘carry propagate’’ because it 
implies that there will be a carry-in to the next stage if there is 
a carry-in to the ith stage. That is, & causes a carry signal to be 
generated and V causes an existing carry to propagate from 
one stage to the next. 


A serious drawback to the look-ahead carry adder is that as the 
word fength is increased, the carry functions become more and 
more complex, eventually becoming impractical due to the 
large number of interconnections and heavy foading of the & 
and V functions. The auxiliary function concept can be ex- 
tended, however, by dividing the word length into fairly small 
increments and defining auxiliary functions G and P (generate 
and propagate) for the entire block. For a given block, then, 
the function G is defined as a carry-out generated within the 
block; P is defined as a carry propagate over the block so that 
if the block receives a carry-in there should be a carry-out to 
the next block. If the block size is set at four bits, then the 
functions G and P can be defined in terms of the & and V 
functions for the four bits. 


G = &3 + V3&2 + V3V2&1 + V3V2V1&0 
P = V3V2V1Vo 


Note that neither of these terms involves a carry-in to the 
block, so no matter how many blocks are tied in an adder, all 
the blocks have stable G and P functions available in two gate 


delays (one to produce the & and V functions and another to 
produce G and P). 


The G and P functions can be gated to produce a carry-in 
signal to each four-bit block, as a function of the less signifi- 
cant blocks. The carry-in to a block n is: 


Ch = Gp—1 + Pr—1Gn—2+ Pr—1Pn—2Gn-3+ ... 


Finally, the carry-in to each of the bits in a four-bit block 
must include a term for a carry-in, so the carries-in to the four 
bits in the block are: 


Co=Ch 

Ci =&+VOCy 

C2 = &1 + V1&9+ ViVOCh 

C3 = &2 + V2&q +: V2V7&o + V2V1V0Ch 
Figure 3 shows a look-ahead carry adder using a total of two 
levels of look-ahead (one internal to the four-bit blocks and 


one external). A total of four gate delays is required from 
application of operands to final sum. 


The ripple-carry method can be used in conjunction with the 
look-ahead technique in several ways. (1) Look-ahead carry 
over sections of the adder and ripple carry between these 
sections. This method is often the most efficient in terms of 
hardware for a given speed requirement. (2) Look-ahead carry 
in parallel with a ripple carry. The logic required to perform 
this is less than for a true look-ahead though carries can be 
generated in the same delay as true look-ahead. However, the 
number of additions possible in a given time is reduced be- 
cause when the inputs return to a quiescent state, a ripple 
situation occurs and nt+1 delay times are required to%emove 
the carries. This may not be a disadvantage since many systems 
require fast addition at a low frequency. 


The majority of MSI arithmetic logic units have two levels of 
look-ahead as shown in Figure 3. The adder block consists of 
four stages and the second level auxiliary function generations 


AG8G A181 A2B2 AZ Bg 


4 BIT AODER 
AS PER 
FIG. 2 
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Figure 3. Two Level Look-Ahead Adder Using Two Sets of Auxiliary Functions 


G and P are identical for each block. The design problem 
centers around the carry-in generation, which becomes more 
complex as the number of blocks of adders is increased, 
because the carry-in to a block is a function of all the previous 
Gs and Ps. There are two basic methods of solving this prob- 
lem: (1) Incorporate the carry-in logic in the adder device 
itself. This has the advantage of a clean, straightforward de- 
sign, but requires a considerable number of pins if the word 
length is long and the number of adder blocks is large. A 
compromise can be made by allowing ripple carry between 
groups of blocks of adders, and limiting the size of the carry 
input logic. This method is used in the Am9340 ALU. (2) 
Have the carry-input logic separate from the adder block. An 
‘MSI look-ahead carry circuit can then form the carry-input 
signals for several blocks. This method has the disadvantage 
that an extra circuit is required, few of which are needed in 
the system. The method does, however, free package pins for 
other important tasks, and is used on the Am54/74181 and 
Am2506 ALUs. The special look-ahead carry device is the 
Am54/74182. 


FUNCTIONS 


Many arithmetic and logic functions, other than addition, are 
required in digital systems. The most important of these is 
subtraction, since other arithmetic operations can be generated 
by a succession of additions and subtractions. The next most 
important function is shifting, which can be performed either 
before or after an arithmetic operation. Shifting operations 
can be built into ALUs, but require considerable pins if shifts 
of more than one place are allowed. Generally, shifting opera- 
tions are performed external to the ALU with multiplexers; 
this allows the system designer more flexibility and frees pins 
for functions that can use the pins more efficiently. Although 
the number of possible logic functions of two variabfes is 
sixteen, the majority are seldom used. The most useful logic 
operations are AND and EXCLUSIVE OR. Other operations 
that can be used are OR and EQUIVALENCE, and the opera- 
tion PASS, where one of the input operands passes through 
the ALU without change. 


BINARY ARITHMETIC 


There are several numbers representations commonly used in 


binary arithmetic. Positive numbers are the same in all repre- 
sentations, but notations for negative numbers differ. 


1) Sign-Magnitude Notation 
In this system the most significant bit of the number 
indicates the sign; 0 positive and 1 negative. The magnitude 
of the number is always positive. 


Sign MSB LSB 


0, 110 1 +13 
1, 1101 = £4~13 


Sign magnitude is rarely used for addition or subtraction, 
though it may be convenient for multiplication and 
division. 
2) 1s Complement 

In 1s complement representation, negative numbers are the 
bit-wise inversion of their positive equivalents. Again, the 
most significant bit signifies sign. Arithmetically, —X is 
represented as 2N—X—1. 


Sign MSB LSB 
0, 11 °0 1 +13 
1, 00 1 0 -13 


Although 1s complement is extremely easy to form, it has a 
significant disadvantage of having two representations for 
zero, all 1s and alli Os. 


3) 2s Complement 
2s complement is the most common form of representa- 
tion. It is more difficult to form than 1s complement, but it 
fends itself well to arithmetic computation and has no 
ambiguous states. It is formed by inverting the positive 
number and adding 1 to the LSB. 


Sign MSB LSB 
0, 11 0 1 +13 
1, 001 1 -13 


For an N-bit word, the numerical values which can be repre- 
sented range from +(2N-1—1) to ~(2N-1), Arithmetically —X 
is represented as 2N—X. 


011 +3 

010 +2 4 
001 +1 

000 0 

111 | 

110 -2 

101 -3 

100 -4 
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ADDITION AND SUBTRACTION OF BINARY NUMBERS 


For positive numbers in any representation, addition is 
straightforward, provided there is no carry-in to the sign bit. 


For any N-bit X and Y 

X plus Y = Aj ® Bj ® Carry; (i = 0 to N—1) 
When one number is positive and one negative the operation 
depends on the representation of the negative number. If 2s 


complement is used, then ordinary addition gives the correct 
answer also in 2s complement. 


LSB 

1 (The carry-out of the 
- 6 1101 0 most significant bit 
a 00111 is disregarded) 


+ 
— 
ie) 
oO 
—_ 
—_, 


1001 1 
-~ 7 1100 1 


In 1s complement, a correction may be necessary in addition. 
If the result of the addition overflows (as in the first example 
above) an extra 1 must be added to the least significant bit. 


O overflow so add 1 


1 to LSB 
00111 


13 10010 
6 0 0 1 1 O no overflow, so 


- 7 1.1 0 O O answer is correct 


The overflow in 1s complement is called an “end-around 
carry.” The carry-out of the MSB is simply used as a carry-in 
to the LSB. 


Subtraction is done in either representation by forming the 1 
or 2s complement of the subtrahend and adding. 


1s complement subtraction 


+13 011041 071101 
- +6 00110 1100 1 
+7 100110 
eo 
0011 1 
2s complement subtraction 
+ 8 01000 01000 
-- 4 11100 
SE forced 
+12 1=— \ carry 
01100 


Therefore, 2s complement subtraction is performed using IC 
ALUs by complementing (inverting) the subtrahend and forc- 
ing a carry-in to the LSB to add one. This effectively creates a 
2s complement number. The carry-out of the adder becomes a 
“not borrow” out. Therefore, an adder with an active HIGH 
carry will have a LOW on the carry-out if a subtraction causes 
a borrow. 


LOGIC POLARITIES 


Arithmetic logic units have the property that the majority of 
arithmetic operations do not change when the logic polarity of 
signals is altered. The same device will perform arithmetic in 
either the active HIGH level (positive logic), or active LOW 
level (negative logic) representation. Logic operations usually 
change function when the polarity is reversed; this is often no 
disadvantage because the functions are a closed set, and when 
the polarity is altered, the resulting function is included in the 
same set, ; 


The arithmetic functions add and subtract are independent of 
change of logic polarity. The sum and carry functions are: 


Sj = Aj © Bj ® C; 
Cj+1 = Aj By + Cj Aj + Cj Bj 


Inversion of the inputs results in inversion of the outputs: 


Aj ® BjeC; = Sj 
A; By + Cj Aj + Cj Bi = Ci44 


These equations are the fundamental equations for an adder 
and the change of output polarity for several adder stages 
connected together must,occur independent of what kind of 
carry structure is used, Auxiliary functions such as G and P do 
not remain invariant under change of input polarity, but the 
identical interconnection pattern must produce the correct 
carry-in function in either representation. All the above con- 
siderations are true for subtraction, since subtraction, if gen- 
erated by using complements, only differs by having one 
variable in the adder equations inverted, and if it is true for 
one method, then it must be true for all other methods. 


Logic functions change under a change of logic representation. 
For example, the logic function AND changes to the function 
OR, and the function EXCLUSIVE OR changes to EQUIV- 
ALENCE., If the logic functions form a set such that a change 
of polarity gives a change of function that is included in the 
set, then only the function code must be reinterpreted along 
with the operand logic polarity. 


OVERFLOW 


When numbers are added or subtracted the result must lie 
within the range of numbers that can be handled by the 
operand word length. Numbers are normally represented either 
as fractions with the binary point between the sign bit and the 
rest of the word, or as integers where the binary point is after 
the least significant bit. 


For addition of numbers in fractional representation, 


A= a2—(n—1) — as —1 
B = b2—(n—1) — b, -1 
S=A+B=(a+b)2—(N—-1) —(a, + bg) 


Overflow will occur if S lies outside this range. The logic 
function that indicates that the result of an operation is 
outside the range is: 


OVR = Cg, © Cg+-1 where Ce is the carry-in to the sign bit 
and Cs+ 4 is the carry-out of the sign bit. 


For a four-bit ALU with the sign bit in the most significant 
position, the carry-out of the sign bit is available, but the 
carry-in to the sign bit is not. Various methods are available to 
regenerate it. The simplest is to use the equation: 


Cs = Ss ®As ® Bs 
and 
OVR = S,® A, ® By, ® Co+4 


This method produces the overflow signal after the sum bits. If 
subtraction as well as addition is used, the above equation 
must be changed to invert the B sign during subtraction. 


Cs _ S,® A® Bs ®Add/Subt 
and 
OVR = S.@ Ag @ Bg ® Add/Subt ® Cy, +4 


An improved method of generating the overflow signal 
requires only two gate delays after the carry-out is available. 
This allows the overflow to appear at about the same time as 
the sum. The sign bit is processed completely outside the 
ALU. The last bit of the ALU, where_the sign bit would 
normally be, is set with B3 = LOW and A3 = Add/Subt. This 
will force a permanent carry propagate condition on Bit F3 so 
that the carry-out of the ALU will be the carry-out of the bit 
F2 position. The carry-out of the ALU is then Cs, the carry-in 
to the sign bit. The equation for the overflow can be written 
as: 


OVR =C, [As © (B, ® Add/Subt)] © 
As (B, ® Add/Subt) 


Both the overflow and the final sum sign can be produced by 
an Am9309 dual four-input multiplexer used as a random 
function generator as shown in Figure 4. Since the Cg signal 
goes into the data input of the multiplexer, the overflow is 
generated only two gate delays later; the final sum digit is 
produced at approximately the same time as the other sum 
digits since the logic has to wait for the Cg, signal before the 
sum bit can be generated. 


ADVANCED MICRO DEVICES MSI 
ARITHMETIC LOGIC UNITS 


The three most widely used and powerful MSI arithmetic logic 
units are the Am9340, the Am54/74181 (Am9341) and the 
Am2506. All of these devices are parallel four-bit units incor- 
porating a fook-ahead carry adder and are capable of perform- 
ing addition, subtraction and various other arithmetic and 
logic operations at high speed. Each device has particular 
advantages, and the choice of which device is optimum de- 
pends upon the application and system speed requirement. 


THE Am9340 ALU 


The Am9340 MSI arithmetic logic unit is a high-speed com- 
binatoria!l circuit capable of performing addition, subtraction, 
and several logic functions on two 4-bit binary words. In- 
ternally the device uses look-ahead carry logic for high speed. 
Provision is also made for look-ahead carry interconnections 
between several Am9340s with no additional logic required. 


The ALU is extremely suitable for use in general and special 
purpose digital) computers as the center of high-speed arith- 
metic units. The Am9340 can perform arithmetic on binary 
numbers in 1s complement or 2s complement. The input data 
can be either active HIGH or active LOW. 


Am9340 FUNCTIONAL DESCRIPTION 


The Am9340 logic diagram is shown in Figure 5. Functionally, 
the device can be divided into several parts. At the top is a set 
of gates that produce the AND and OR functions of the A and 
B inputs. 

Aj Bj = & 

Aj + Bi = Vj 
The gates that form the & and V functions are under the 
control of the Sg and S1 inputs so that several different AND 
and OR functions can be formed. For example, the functions, 
instead of being AB and A + B, may be AB and A + B. This 
control is used to vary the function performed by the circuit. 
The two sets of functions cited above are used for addition 
and subtraction, respectively. 
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At the bottom of Figure 5 is a set of adders, which add (Ex 
OR) the & and V signals for a particular bit, and the carry-in 
to that bit. 


At the left of the logic diagram is a set of gates that produce a 
carry-in function. These gates accept CG and CP outputs from 
other Am9340s to produce a carry-in. 


Carry-in = CG_1 CP_; CG_2 + CP_2 CG_3 


The subscripts —1, —2, and —3 refer to the preceding devices. 
A carry-in to one Am9340 is produced by a carry generate 


_ from the immediately preceding device (CG_4) or by a propa- 


gate from the preceding device and a carry generate from an 


_Am9340 two devices back (CP_; CG_), etc. 


One of the select lines, Sz, blocks the propagation of carries 
between bits. This control is used to select logic or arithmetic 
functions. For example, subtraction is basically A ® B © Carry. 


If Sq is HIGH carries are forced at all bits, and the output 
becomesAS®BO1=ASCB. 


At the right of Figure 5 is a series of gates that produce the 
look-ahead carry-out functions. One gate produces an active 
LOW carry propagate over the block of four bits. Logically, it 
is the AND of the four internal carry propagates. Functionally, 
it means that if there is a carry-in to this package, there should 
be a carry-out to the next package. It is activated by the 
presence of 1111 in the Am9340. CP = V3V2V1Vo 


MSB_ LSB 
Word A 101 0 
Word B 0101 
Sum 1 1 1 #1 “Carry Propagate” 


The other gate forms an active LOW carry generate for the 
block of four bits. The CG is a carry-out from this particular 
device. 


CG = &3 + V3 &2+ V3 V2 &1 + V3 V2 V1 &o 
Note that neither the CG nor CP outputs are in any way 


affected by a carry-in signal; they are functions only of the A 
and B operand inputs. 


The CG signal can be turned into a true carry-out if one 
additional term is added to include a carry-in condition. This 
term is controlled by the COE pin (carry-out enable). Since 
carry-out = CG + CP-Cjn, for the Am9340 CG/CO = CG +CP 


The internal carry signals for the Am9340 are defined by the 
following equations (Cg Cz Co refer to the internal carry sig- 
nals to the four bits): 


Cin = CG_1 + CP_1 CG_2 + CP_1 CP_2 CG_3 

Co=S1+Cin 

Cy = $7 + (&Q + VoCin) 

C2 = S41 + (&1 + V1&Q + ViVOCin) 

C3 = S71 + (&2 + V2&q + V9V7{VOCin) 

CP(output) = V3V2V71Vo 

CG(output) = (&3 + V3&2 + V3V2&1 + V3V2V71&9 + 
V3V2V1Vo0CjnCOE) 


FUNCTIONAL CONTROL OF THE Am9340 


The Sg and Sj inputs control the function of the Am9340 in 
two ways. First, they determine the particular AND and OR 
functions produced by the input gating, and second, the $j 
input determines whether or not carries are propagated 
between the bits in the Am9340. 


The functions of the Am9340 are outlined in the table below. 
Each Fj output is & Vj ® Carryj. If Sq is high, a carry is forced 
and the function becomes & Vj ® 1. The table is for active 
LOW A, B, and F. 


§ 


&V@Carry | Function 


L A ®B ® Carry | A subtract B 
H L A®B ® Carry |A add B 
L H A ex-OR B 
H H A AND B 


TABLE If — FUNCTIONS FOR ACTIVE LOW A, B, & F 


Figure 5. Logic Equivalents of Am9340 ALU 


The corresponding function for inputs and outputs of various 
polarities may be determined by making the required inversion 
of the variables. 


For example, if B is active HIGH and A and F are active LOW, 
the functions are found by replacing B with B. 


So S1 &V ® Carry Function 

L L A®B® Carry A add B 
H oL A ®B ®@ Carry A subtract B 
L H A&Be1 A compareB 
H H ABel A AND B 


TABLE I11 — FUNCTIONS FOR ACTIVE HIGH B AND 
ACTIVE LOW A AND F 


Similarly, the functions for active HIGH A and B and active 
HIGH F are found by replacing A and B and Carry in the first 
table with A and B and Carry and then inverting the entire 
function. 


So &V ® Carry Function 


LL | A@BeCary=A®B Carry | Asubtract B 
H L | A@BeCary=A®BeCarry| A add B 
L H | A®Be1=AGB =ASB Acompare B 
H H | ABe1=A+B A OR B 


TABLE !V — FUNCTIONS FOR ACTIVE 
HIGH A, B, AND F 


Functions for all useful representations of the Am9340 are 
shown in Figure 6. 


The output signals labeled CG and CP are truly “carry 
generate’ and ‘‘carry propagate’ only in the active LOW 
representation. When the operands are active HiGH, the nature 
of the CG and CP signals changes. The CG output becomes 
similar to an active HIGH CP, and the CP output becomes 
similar to an active HIGH CG. It is important to recognize at 
this point, that an adder is always an adder. Once the carry 
signals are connected, the polarities of the inputs and outputs 
of an adder can be changed, but the device is still an adder. 


This congruence implies that even though the carry signals 
from the Am9340 are no longer “‘carry propagate’ and “‘carry 
generate’, they can be connected to other devices exactly as if 
they were, and the adder will operate properly. To be 
accurate, the carry signals have been relabeled CX and CY in 
the active HIGH case. 


ARITHMETIC USING THE Am9340 
The Am9340 can be used to perform arithmetic operations in 


all three binary signed number representations, including the - 


most complex, sign magnitude. Sign magnitude is complex 
because when the signs are different and an addition takes 
place, or when the signs are the same and a subtraction takes 
place, the absolute magnitude of the difference between the 
numbers is required. There is also the problem that the sign bit 
must be handled separately from the rest of the word. Figure 7 
shows a sign magnitude 5-bit arithmetic logic unit that uses 
two Am9340s, one for performing addition and subtraction on 
the two operands and the other to form the 2s complement of 
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Figure 6. Logic Equivalents of Am9340 ALU 


the result, if the result of the previous operation is negative. 
The scheme can be extended for larger word lengths; unused 
inputs at the most significant end of the first level of ALUs 
should have the A inputs at ground and the B inputs at a high 
logic level. 


Because of these complications, sign magnitude arithmetic is 
rarely used except where a small amount of processing is 
involved and the operands are available in the sign magnitude 
representation. In most. systems it is more efficient to work in 
complement arithmetic and convert to sign magnitude as 
required. 
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Figure 7. Sign Magnitude Addition and Subtraction 
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SELECT 


FUNCTION 
SELECT 


1's COMPLEMENT 


COMPLEMENT ARITHMETIC 


Some machines use 1s complement arithmetic because of the 
apparent simplicity of performing subtraction in this repre- 
sentation. The main disadvantage is that the end-around 
carry causes extra delay, and only three ALUs can be cas- 
caded in the first section of an ALU using Am9340s. The 
connections are shown in Figure 8. 


The most popular method used in binary machines is 2s 
complement arithmetic. The sign bit is treated in an identical 
manner to the rest of the word, and, instead of an end- 
around carry, a carry-in is immediately forced when a sub- 
traction takes place. This can conveniently be done in an 
ALU built using Am9340s by connecting the Sg input to the 
CG_}1 input of the first ALU in the chain. All applications 
performing arithmetic will assume that the 2s complement 
representation is used. The 16-bit arithmetic logic unit in 
Figure 9 is for numbers represented in the 2s complement 
notation using active LOW operands; for active HIGH 
operands the connection is the same except that an inverter 
must be inserted between the Sg input and the CX_ line, 
as shown in Figure 8. Figure 9 also shows how additional 
blocks of 12 ALU stages can be connected to form ripple- 
block addition and give very high speed arithmetic over large 
word lengths with no extra carry circuitry required. Since 
only two additional gate delays are incurred for each 12-bit 
increment, and when a separate look-ahead carry package is 
used, two delays are incurred for each level of took-ahead, 
the Am9340 is at least as fast as two-level look-ahead for up 
to 28-bit words. 
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Figure 8. Am9340 Complement Arithmetic 
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16-Bit Full Look-ahead ALU 

Four Am9340 ALU’s can be connected together to form a 
16-bit full look-ahead ALU. This ALU can work in 1’s or 2’s 
complement arithmetic representations and in the active LOW 
or active HIGH logic representations. If longer word lengths 
are required 12-bit ALU blocks connected as shown in the 
dashed portion of the diagram can be cascaded at the end of 
the 16-bit full look-ahead portion. 


Figure 9. 


SHIFTING OPERATIONS 


There is no shifting capability built in the Am9340, so if 
shifting operations are required, they must be provided outside 
the ALU, either at the input of the ALU, or more likely at the 
output, so that the result of an arithmetic operation can be 
shifted. Shifting operations can easily be performed with 
multiplexers, the select lines of the multiplexer acting as the 
shift-control lines. A four-input multiplexer has the capability 
of shifting one place up, pass with no shift, and shift one place 
down. The spare decode can be used for a variety of purposes, 
such as no operation or change the subtract operation from 
A-B to B-—A, by inverting the sum outputs and not forcing a 
carry-in during subtraction to give -(A—B—1) —1 = B~A. 


If arithmetic shifts are required, the sign bit must be repeated 
during a shift up. Logical shifts may pull in logic zeroes or 
allow recirculation of the data. These differences can be 
designed in by controlling the least and most significant shift 
inputs on the multiplexer words. Figure 10 shows a variety of 
shifting operations using two Am9309 multiplexers at the 
output of the Am9340. 


COMPARISON FUNCTIONS 


Magnitude comparison of the inputs to the Am9340 is per- 
formed by putting the device in the subtract mode and observ- 
ing the carry-out signal. 


In a 2s complement subtraction (with carry-in active) the 
function performed is A — B. If the carry-out signal from the 
sign is inactive, then A is greater than B. !f the carry-input is 
removed, the function performed is A minus B minus 1. If the 
carry-output is active for this operation, then A is less than B. 
If neither of these cases is true, then obviously A=B. 
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Figure 10. Shifting Operations Using Multiplexer 


It is possible to detect equivalence between A and B by using 
the carry generate and carry propagate outputs of the 
Am9340. If A and B are equal, then in the subtract mode or in 
the EX-OR mode, all the internal V signals will be active and 
none of the internal & signals will be active. This can be 
detected at the outputs by the condition 


Equivalence = CP-CG 


Equivalence over the entire word can be detected by forming 
the above function for each Am9340 and then ANDing all the 
signals. 


THE Am54/74181 (Am9341) ARITHMETIC LOGIC UNIT 


This ALU is a parallel four-bit MSI device that can perform 16 
arithmetic and 16 logic operations on two 4-bit parallel words. 
The significant arithmetic operations are add, subtract, pass, 
increment, decrement, invert, and double. All 16 possible logic 
functions of two variables are available. The operation is 
selected by four select lines Sg to S3 and a mode control line 
M, which is HIGH for arithmetic operations and LOW for logic 
operations. The device has a carry-in, a carry-out for ripple- 
carry cascading of units, and two look-ahead auxiliary carry 
functions, carry generate and carry propagate for use with the 
look-ahead carry MSI device, the Am54/74182 (Am9342). An 
open collector ““A=B" output is also provided that can be 
AND tied to the A=B outputs of other ALUs to detect an all 
HIGH output condition over several units. 


Figure 11 shows the logic diagram of the arithmetic logic unit. 
Four identical AND, OR networks gate the A and B input 
operands with the four select lines Sg to S3 to produce the 
required first level auxiliary AND and OR functions, which are 
then used to generate the sum and carry functions. Internal 
look-ahead carry is used to give high speed. The A=B output is 
generated by sensing the all ones condition at the F outputs. 
When the control M is in the high state, carries are inhibited 
from propagating and logic functions are generated at the 
outputs. 


The functions that are available with the device form a closed 
set such that inversion of the logic inputs produces a function 
which is still in the set. Therefore, the device performs the 
same logic and arithmetic functions in the active HIGH repre- 


sentation as it does in the active LOW representation, but with 
a different select code. If a mixed representation is employed, 
the majority of useful functions are still available. Figure 12 
shows the four modes in which the ALU can be used and the 
operation table for each mode. 


Am54/74181 (Am9341) CARRY METHODS 


The Am54/74181 (Am9341) ALU can be used in a variety of 
carry modes. The simplest of these is in a ripple-carry mode 
where the carry-in Cp of an ALU is driven by the carry-out 
signal Cph+4 from the previous ALU. This method of propagat- 
ing the carry is slow for large word lengths but has the 
advantage that additional carry circuits are not required; if 
several levels of look-ahead are permitted and extra logic is 
used, the speed of the ALU can be improved. The 
Am54/74181 (Am9341) gives the auxiliary carry functions 
carry generate and carry propagate which can be used with the 
Am54/74182 (Am9342) to give complete look-ahead carry or 
ripple-block look-ahead. In this latter mode the ALU is split 
into 16-bit blocks, each with its own look-ahead, and carries 
are allowed to ripple between the blocks. 


THE Am54/74182 (Am9342) LOOK-AHEAD 
CARRY CIRCUIT 


The Am54/74181 (Am9341) ALU requires external logic for 
full look-ahead operation. The Am54/74182 (Am9342) has 
been specifically designed for this purpose. The device will 
accept up to four sets of carry generate and carry propagate 
functions and a carry-in and provide the three carry-outs 
required by the ALUs and also the next level auxiliary 
functions. These auxiliary functions generated by the look- 
ahead carry circuit allow further levels of look-ahead. Unfor- 
tunately, to satisfy signal polarities a penalty of two gate 
delays is incurred for each level of look-ahead, and the 
auxiliary functions are rarely used over more than two levels 
of look-ahead. 


The logic symbols and logic diagram of the Am54/74182 
(Am9342) look-ahead carry circuit are shown in Figures 13 
and 14, respectively. The logic auxiliary functions in the active 
HIGH case are not carry generate and carry propagate, and 
have been labeled X and Y, respectively. Of course, they are 


Figure 11. Am54/74181 (Am9341) Logic Diagram 
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Figure 12. Logic Equivalents of Am54/74181 (Am9341) ALU 
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Figure 14. Am54/74182 (Am9342) Logic Symbol 


connected the same way as the active LOW case. The logic 
design is straightforward with the auxiliary functions being 
used to generate the three carry-out signals and the two 
auxiliary functions required for further levels of look-ahead. 


Figure 15 shows how a single look-ahead carry circuit is used 
with four Am54/74181 (Am9341) ALUs to perform arith- 
metic operations with complete look-ahead carry over 16-bit 
words. If words of less than 32 bits are used, then the ripple- 
block mode of operation should be used since the delay is the 
same as for full two-level look-ahead. Figure 16 shows dia- 


TYPICAL ADDITION TIMES 


Total 
Addition Time 
(ns) 


Add Time 
Per Bit 


(ns) 


grammatically various methods of using the Am54/74182 
(Am9342) with ALUs to perform arithmetic operations over 
large word lengths. Table |! gives typical delays to be realized 
from the various connection methods. The table shows how 
the use of a small number of look-ahead carry packages con- 
siderably decreases the delay for the typical word lengths used 
in digital systems. 


Typical addition times for various configurations are given in 
the table below. Subtraction times are approximately 5 ns 
longer. 


Package Count 
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Figure 15. This Figure Illustrates Use of the Am54/74181 (Am9341) 
ALU and the Am54/74187 (Am9342) Look-Ahead Carry Generator 


8474181 ——_ 


16-Bit ALU Ripple Carry 


Am54/74181 


AmS4 74182 - Amb4 74182 


32-Bit ALU Two-Level Look-Ahead Over 16-Bit Groups 


Am54/74181 


Am54/74182 P Am54/74182 


Am54/74182 


64-Bit ALU, Three Level Carry Look-Ahead 


Figure 16. Am54/74181 (Am9341) Carry Methods 
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ARITHMETIC WITH THE Am54/74181 (Am9341) 


The Am54/74181 (Am9341) can be used as an arithmetic 
element in all the common binary number representations. 
Reference is made to the section on the Am9340 for basic 
concepts. The most difficult number representation is sign 
magnitude. The Am54/74181 (Am9341) is more flexible than 
the Am9340 but additional peripheral logic must be used to 
decode the desired functions that are required by the select 


lines, and the carry-in at the first stage. The two most useful . 


additional arithmetic operations that the Am54/74181 
(Am9341) has as compared to the Am9340 are “‘double A” 
and “pass.” Both of these operations are extremely useful in 
multiplication, division and square root routines. It is often 
possible to use the select code on the ALU to effectively 
perform additional decoding, for example if a control signal is 
to select between ‘’add A and B” when S is HIGH and “‘pass 
A” when S is LOW, then (for the active HIGH case) Sq is tied 
to $3 to form S and Sj and S92 are tied LOW. This type of 
operation (Add or Pass) is useful in multiplication routines. 


COMPARISON FUNCTIONS 


Several comparison functions can be performed with the 
Am54/74181 (Am9341) by using the A=B and the Cy+q4 
outputs. The A=B output is better described as ““F=0,” since 
this output goes HIGH anytime all the F outputs are HIGH. 
The outputs can therefore be used not only for comparing 
A=B during a subtract operation but can also be used to 
ascertain whether the function outputs are all HIGH after any 
arithmetic or logic operation. In the PASS operation, the 
output indicates that one of the operands is equal to zero. In 
the EX-OR operation, it indicates that the two operands are 
identical. In the EQUIVALENCE operation, it indicates that 
the two operands are complementary. 


For signed arithmetic, with the signs of the operands at the 
most significant inputs to the ALU, the F output at the sign 
position can be used during subtraction to indicate the relative 


Operation 


Sign Bit (F3, active 
HIGH) 


(F3, active 


LOW) 
Cny+4 (unsigned 
arithmetic 


only) 


(Cn+4, active HIGH) 


(Ch+4, active LOW) 


value of the two operands. For unsigned numbers, in which 
the most significant bit is positive, the carry-out of the ALU . 
indicates relative magnitude. The table below lists the various 
comparison functions which can be performed in active HIGH 
and active LOW logic. 


THE Am2506 ARITHMETIC LOGIC UNIT 


After an ALU operation has been performed, the result is 
usually stored in a register or memory where it can be ob- 
tained at a later time for further computation. Arithmetic 
logic units are therefore frequently followed by latches to 
temporarily store the result. The Am2506 ALU incorporates 
these latches internally, thereby giving the user the advantages 
of higher system speed, lower power and fewer devices. The 
logic diagram and symbols are shown in Figures 17 and 18, 
respectively. The Am2506 is functionally identical to the 
Am54/74181 (Am9341) with the exception that the four F 
outputs can be stored and the A=B output is replaced by the 
common latch enable input. The result of an operation is 
stored in the latches when the common enable is at a LOW 
logic level. If the latch enable is HIGH or open, the device 
behaves exactly like an Am54/74181 (Am9341) in all respects, 
and may be plugged directly into a socket wired for the latter 
device if the A=B output is not used. The delay through the 
Am2506, including the latch, is the same as the delay through 
the Am54/74181 (Am9341) ALU, so that the entire delay of a 
latch is saved at the system level by the use of the Am2506. 
The Am2506 can be viewed as an Am54/74181 ALU followed 
by a four-bit latch which has zero delay and zero power 
consumption as shown in Figure 19. Because the enable is 
active HIGH, it can be connected to active LOW enables on 
external latches or to the active LOW write enable on a 
memory to obtain a master-slave flip flop operation. Figure 20 
shows how the Am2506 can be used with an Am3101 memory 
to build a high-speed 4-bit arithmetic logic register slice which 
has sixteen general purpose registers. 
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Figure 18. Am2506 Logic Symbols Figure 19. Am2506 Block Diagram. 
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Figure 20. 16 Register 4-Bit Arithmetic Logic Register Slice 
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Another important application of the Am2506 is in very 
high-speed systems where arithmetic operations such as multi- 
plication are performed in a sequential “pipelined” approach. 
The system in Figure 21 illustrates one such application, a 
multiple word adder. The system adds together eight parallel! 
words simultaneously to produce a single sum. 

Ordinarily, three levels of adders are required and the final 
sum appears after the delay of all three levels. Using the 
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adders so that, for a series of additions, the average delay is 
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Figure 22. Very High Speed Multiplier Using Am2506s for Pipelining 


that of one level of ALUs rather than three levels. Device 
propagation delays are used to separate the data in extreme 
cases; otherwise the latch enables at consecutive levels can be 
driven by complementary signals. Additional latches are used 
to store the output carries (G) from the 16-bit adders. Two 
full adders at the second level and a final 19-bit adder at the 
third level are used to add in these carries to the final sum. 


Figure 22 shows a scheme in which the Am2505 2s com- 
plement multiplier is used to perform high-speed multiplica- 
tion and, to increase speed further, the multiplier array has 
been split into several smaller independent arrays. The results 
from the smaller arrays are partial products and are added 
together using Am2506s. The effective multiplication time is 
reduced from 275ns. to just 100ns. using this method. 


COMPARISON OF ALUs 


Selection of an ALU for a particular system depends on the 
specific requirements of the application. The features of the 
ALUs are contrasted below. If a simple adder/subtractor is 
required, then the Am9340 is the best product to use because 
it has built-in look-ahead for speed, and allows Add/Subtract 
control with a single line. For a high-speed minicomputer, the 
best product is the Am2506, since it can perform a large 
variety of functions and the output can be stored with no 
speed penalty, thereby allowing a higher system clock rate. 


Figure 23 compares the add time of the ALUs using various’ 
methods of carry propagation in the case of the devices requir- 
ing external look-ahead packages for full look-ahead operation. 
Line A shows the Am54/74181 (Am9341) and Am2506 used 
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Figure 23. ALU Speed Comparison 
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in a ripple-carry mode; each increment of four bits essentially 
introduces a delay of 13ns. This is acceptable for short-word 
lengths but is excessive for long words. Line B shows the 
substantial speed improvement possible with full look-ahead. 


At the: first level of look-ahead (over 16 bits) the delay is 
34ns., the next level of look-ahead covers 64 bits and an 
additional delay of 13ns. is incurred. The small discontinuities 
in the curve between 16 and 20 bits and between 64 and 68 
bits appear because the last ALU is appended to the full 


RESULTANT REGISTER 
SELECT 
—— CLOCK Ao A} 
O=C 
ty By ty 1 O-B 
Neos 0 115A 
erraeseres 1. 1" UNUSED 
SHIFT L 
OuT 


SHIFT R INPUT 


Toe Ve "2a "3a "Ob Wy "20" 
SHIFT So an: 9309 OVAL 4 PUT 
SELECT Sy MULTIPLEXER 


4 2 ity 2, 
O SHIFT 


INUSED 


0 = LOAD 
1 = R SHIFT 
SHIFT R INPUT ‘ 
— Coroun it aEGisten 
AK 4900070) O39 


1= R SHIFT INPUT MULTIPLEXER 
LOAD/R SHIFT a 

0= LOAD 

1= R SHIFT 
SHIFT R INPUT an 

B REG om} 93005R 

= ChE OUR BIT REGISTER 

YX mn090,0,0; OP 


SHIFT L OUTPUT 
B REG 


DATA “A” $0 Am 9309 OVAL 4 ¢NPUT 
Sy MULTIOLEXER 


2, 1% 


GK snd9 0,0, 0; 


foe ta '20'3e fom ty '2p 'y) 
$0 am 9308 DUAL 4 INPUT 
MULTIPLEXER 


DATA “B” 
SOURCE SELECT 


look-ahead system, with its carry-in driven from the carry- 
output of the previous adder block, the carry is rippled into 
the last adder from the output of the full look-ahead scheme, 
and the delay is less than that for a complete additional level 
of look-ahead. Line C shows that speed of the Am9340 adder; 
the built-in look-ahead carry allows a look-ahead increment of 
12 bits. Note that the Am9340 allows faster addition than the 
Am54/74181 (Am9341) for word lengths between 20 and 28 
bits, and has the added advantage that carry packages are not 
required. 
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Figure 24. Single Address Arithmetic Register 4-Bit Slice 


APPLICATIONS USING ALUs 


The ALUs described previously can all be used as the arith- 
metic logic element in high-speed digital computers. For a 
simple machine with limited arithmetic and logic capabilities, 
the Am9340 is often used together with storage registers and 
multiplexers for shifting and bussing information to the ALU. 
Figure 24 shows a four-bit arithmetic logic stice of a single 
address computer with three working registers. Register A is 
the main working register that is used together with the main 
store, register B is a temporary register, which can be used in 
conjunction with register A to allow double-length operation. 
Register C is required for multiplication and division routines; 
this register would hold the divisor in division and the multi- 
plicand in a multiply operation. If the Am2506 is used instead 
of the Am9340, not only is the function capability increased, 
but register A can be replaced with a high-speed semi- 
conductor scratchpad memory, producing a very powerful 
two-address system. 


If a three-address system is required for a very flexible high- 
speed machine, the three working registers can be replaced by 
the Am9338 multiple-port register as shown in Figure 25. This 
three-address system has distinct advantages over other 
methods since logic power and speed are increased even 
though the system uses fewer parts and is more modular than 
either the two or single-address systems. Three addresses are 
required, two for the source operands and one for the result. 


The unit can perform arithmetic, shifting and logical opera- 
tions in a 3-address format. Multiplication is performed by 
dividing the register system into odd and even addresses and 
placing the portion of the partial product which may have to 
be added to the multiplicand in the even part and the partial 
product half which does not need any further computation in 
the odd part. The double-length product will be contained in 
locations A and A+1 in the register system, where A is an even 
address. In division, the dividend must be in a double-length 
register, with the most significant half in odd register address. 
The remainder is left in the even address with the result 
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Figure 26 


Iterative Unsigned Division 


formed in the odd address. In this system fractional division is 
assumed but integer arithmetic could also be performed by 
changing interconnections. The Am9309 multiplexers in the 
design allow data from peripheral and storage devices to be 
sent to the ALU. 


While arithmetic logic units are obviously important in the 
arithmetic and logic section of digital computers, the low cost 
of these devices makes them very attractive for use in special 
purpose digital processors such as FFT Processors and digital 
filters. Here the ALUs are hard wired to perform special 
purpose arithmetic such as iterative multiplication, division, 
square root and polynomial evaluation. There is a continual 
emphasis on speed as more and more systems are converted 
from analog to digital methods and process in real time. 
Therefore the conventional time sequenced approaches to 
complex arithmetic problems are too slow, and combinatorial 
hard-wired methods are used. These applications use large 
quantities of arithmetic elements, but allow straightforward 
high-speed designs to be implemented easily. A typical ex- 
ample is the non-restoring iterative division scheme shown in 
Figure 26. 


Each level of ALUs subtracts or adds the divisor from the 
dividend and the carry from the operation gives the quotation 
digit. At the completion of the division, the remainder may 
have to be corrected by adding the divisor to the remainder 
so that the remainder stays positive. The diagram can be 
extended in the X and Y directions by using additional 
Am9340 devices. 
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THE AmQ338 
MULTIPLE PORT IWlEMORY 


By R. C. Ghest, Digital Applications 


The significant advantage of MSI circuits is that they are com- 
plete logic sub-systems produced in monolithic form at a 
fraction of the cost, with a substantial increase in reliability, 
and increased operational speed over the system produced 
with discrete integrated circuits. The Am9338 Multiple Port 
Memory is an excellent example, since, although it is pack- 
aged in a 16-pin package, it replaces five 16-pin simpler inte- 
grated circuits. Previous methods of building such logically 
powerful and complex sub-systems were so costly that until 
recently multiple port memories were considered for use only 
in the fastest military or special-purpose processors. 


This type of memory allows several operations to occur con- 
currently with a corresponding increase in system speed. In 
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its most flexible form the multiple port memory allows in- 
formation to be read from two separate locations, with a sim- 
ultaneous writing operation at a third location. This three- 
address memory system allows two pieces of data to be read 
from the memory, operated upon, and the result of the oper- 
ation written back into the memory, ali in one clock cycle. A 
beneficial side-effect of this type of memory organization is 
that it produces a neat, efficient design, where the indexing 
and temporary storage registers can be part of the high-speed 
working store, with a corresponding increase in flexibility, 
fewer interconnections and an increase in performance. 


The Am9338 is an 8-word by 1-bit three-address memory 
where two of the addresses are read addresses and the third is 


CLOCK SLAVE ENABLE 
cP SLE 


°2”,3——_ > 


8 GATED 
D-LATCHES 
USED AS 
MASTERS 


Am9338 
8 BIT 
MULTIPLE 
PORT 
REGISTER 


READ ADDRESS 


INPUT MULTIPLEXER 


Zz 


READ ADDRESS 


B INPUT MULTIPLE XER 


& 


—=— D-LATCHES _. 
2 USED AS SLAVES 


23 —— DATA OUTPUTS —= 


Figure 1. Logic Block Equivalent and Logic Symbol of the Am9338 
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a write address. The write address is a 3-bit address field A, 
and the read addresses two 3-bit fields B and C. All three 
fields can be used simultaneously and each field can address 
any one of the eight memory words. A single data input line 
and two data output lines are provided; the remaining two 
logic pins are used for timing, and are the memory clock in- 
put, and aclock control called slave enable. A normal mem- 
ory sequence for the Am9338 is as follows: with the clock 
HIGH, data from the two locations specified by the two read 
address fields is read out on the data outputs. This data can 
be operated upon by external logic, such as the Am54/74181 
or Am9340 arithmetic logic units, and the result of the oper- 
ation is presented back to the data input of the memory and 
written into the location specified by the A address field when 
the memory clock is low. Thus in one clock cycle two read 
operations and a write operation are performed. The memory 
appears to the user as eight D master-slave flip-flops with a 
common clock and common data input, and with two 8-input 
multiplexers on the output of the D flip-flops. The device ac- 
tually consists of two banks of D latches; one bank is eight 
master latches that store the data on the data input in the 
master specified by the A address field when the clock goes 
low, and the other bank consists of two slave D latches that 
store the data from the two master latches designated by the 
B and C address fields when the clock goes high. Since D 
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latches are used no 1s or Os catching is possible and the only 
timing considerations of importance are the data in and ad- 
dress set-up times, and the minimum clock pulse width. 


If the slave enable is held low the slave latches are contin- 
uously enabled and the contents of the eight master latches 
can be scanned by the B and C address fields. This feature is 
useful in certain applications, such as peripheral control. 
The Equivalent Logic Block diagram and Logic Symbol are 
shown in Figure 1. 


The memory can be expanded in word length by commoning 
address fields and clock inputs of memories, and can be ex- 
panded in the number of words by using multiplexers at the 
data outputs, and a demultiplexer on the clock inputs. 


APPLICATIONS 


The most straightforward application is as the working store 
for high-speed 3-address computers. Use of the Am9338 ina 
computer enables the processing rate to be typically doubled 
as compared to a machine using a single-address scratchpad 
memory. A typical 3-address arithmetic register 4-bit slice of 
a computer using the Am9338 and Am9340 is shown in 
Figure 2. 
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Figure 2. Three Address 4-Bit Arithmetic Logic Register Slice 


Data defined by the B and C address fields is switched 
through multiplexers onto two 4-bit parallel busses. The data 
is then operated upon in parallel by the Am9340 high-speed 
Arithmetic Logic Unit. The ALU has the function select 
lines set to the configuration required for the desired arith- 
metic or logic operation, and the result of this operation is pre- 
sented to a multiplexer so that it can be shifted up one place 
(multiplied by two), shifted down one place (divided by two), 
or pass unmodified. The result, after passing through the mul- 
tiplexer, is presented at the multi-port memory data inputs 
and written into the location specified by the A address field 
during the time the clock is LOW. 

The operation this 4-bit arithmetic register slice performs is: 


A’ = (B, C) where A’ is the result address 
B, and C the two operand addresses 
and f is the function performed on 
the operands. 


The addresses A,B, and C can refer to any of the eight registers 
in the memory. A typical operation might be: Take the data 
in register 1, add it to the data in register 1, shift the result up 
1 place and write the final result into register 1. The opera- 
tion replaces the data in register 1 by itself multiplied by 
four. The complete operation takes only one clock time as 
compared to a single address system which would take 2 clock 
times. 
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The Am9338 in a First In First Out (FIFO) memory is shown 
in Figure 3. The FIFO memory is used in systems which re- 
quire an asynchronous buffer; a memory in which information 
can be written in at one rate and read out completely inde- 
pendently at a different rate. A typical application would be 
in a high speed digital communication multiplexer where data 
from many different sources operating at different rates is 
sorted, tagged and stored ready for transmission over a high- 
speed communication link. 


The write address field is driven from a write address counter 
and the B read address field from a read address counter. In- 
formation is written into the memory at the location specified 
by the write address counter on receipt of a write clock pulse, 
and the write address counter is incremented ready for the 
next data word. Information is therefore stored in ascending 
address sequence as it is received. Reading takes place com- 
pletely independently of the write operation with the data 
word specified by the read address counter available at the 
Zp outputs. On receipt of a read clock pulse the read address 
counter is incremented, ready for the next read operation. 
The Slave Enable (SLE) of the memory is held LOW so that 
the reading operation is completely independent of the write 
operation, and the contents of the master latches are directly 
available at the data outputs. 
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Figure 4, Direct Address/Indirect Address Memory System 


Since there can be more read requests than there is data 
stored, and because the memory has a finite size, two prob- 
lems occur. First, the memory can be empty, and read re- 
quests must be ignored until further information has been 
written into the memory; and second, the memory can be full 
and further write operations will overwrite unread data. This 
memory full condition must not only produce a write opera- 
tion on receipt of new data, but also increment the read ad- 
dress counter so as to keep it instep. Both the memory empty 
and memory full conditions occur when the write address 
counter is identical to the read address counter. This condi- 
tion is monitored by an Am9324 comparato;, and if the read 
counter has caught up with the write counter further read re- 
quests do not increment the read address counter. If the 
write counter has caught up with the read counter then not 


only is the write request obeyed but the read address counter 
is also incremented. 


An unusual application of the Am9338 is shown in Figure 4. 
Information held in this memory system can be addressed di- 
rectly or indirectly. Directly addressed data is obtained by 
having the direct address at the B address field. The data then 
appears at the Zp outputs. If the data is to be indirectly ad- 
dressed, then the indirect address is applied to the B address 
field, the direct address appears at the Zg outputs, and is fed 
back to the C address field, so that the required data appears 
at the Zc outputs. Information, whether directly or indirectly 
addressed, can be obtained in one clock cycle. The scheme is 
shown for an 8-word 3-bits per word memory and can be ex- 
tended by the use of additional Am9338’s and multiplexers. 
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A SUCCESSIVE 
APPROXIMATION 
REGISTER 


By R. C. Ghest, Digital Applications 


INTRODUCTION 


As more systems use digital methods of signal processing 
and display there is a growing requirement for high-speed, 
low-cost analog-to-digital converters to provide an interface 
with the analog world. The Am2502/3/4 TTL/MS! Successive 
Approximation Registers make the high-speed successive ap- 
proximation method of conversion cost competitive with 
slower counting techniques. 


The Am2502/3 are high-speed TTL special purpose registers 
that contain all the storage and digital contro! for an 8-bit suc- 
cessive approximation analog-to-digital converter. Packaged 
in 16-pin packages, they offer a considerable increase in relia- 
bility, and decrease in power and cost over the 10 or 12 
packages now used to accomplish successive approximation 
conversion. 


The Am2503 differs from the Am2502 in that an enable input 
for register expansion purposes is available in place of a serial 
data output. 


The 12-bit version of the register, the Am2504, has both an 
enable input and a serial data output and is available in a 
24-pin package. These three special-purpose registers can be 
used not only for analog-to-digital conversion, but also as 
serial-to-parallel converters, sequencers, ring counters and trial 
registers in recursive arithmetic routines. 


The registers are also available in low-power versions: the 
Am25L02, Am25L03 and Am25L04. These low-power cir- 
cuits consume only 1/3 the power of the standard circuits, but 
still perform at 40 per cent of the speed, and drive up to three 
standard TTL loads. In all other respects they are identical to 
the standard power devices. 


FUNCTIONAL OPERATION 


The logic symbols and pin numbers of the registers are shown 
in Figure 1. Each device is a special-purpose serial-to-parallel 
converter with a single line serial data input (D) and 8 (12 in 
the case of the Am2504) parallel data outputs. Both true and 
complement of the most significant bit are brought out to 
facilitate signed conversion. The register is driven by a single- 
phase TTL clock, and the register outputs change state syn- 
_chronously on the LOW-to-HIGH transition of the clock. 


Each device has a START input that, when LOW, causes the 
register to reset synchronously on the clock LOW-to-HIGH 
transition to a state with the most significant bit Q7(11) LOW 
and the_remaining outputs HIGH. The conversion complete 
signal (CC) will also go HIGH. The register remains in this 
reset state independent of clock transitions until the START 
input is moved HIGH. When the START signal goes HIGH, 
then on the next clock LOW-to-HIGH transition data on the 
serial data input enters Q7(11) and the next less significant 
register stage, Qg(10), is set to a LOW. “The next LOW-to- 
HIGH transition on the clock puts the data on the data input 
into the Qg(10) register stage, and resets stage O5(9) to a 
LOW, while the data in the Q7(11) stage remains unchanged. 
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Figure 1. Successive Approximation Register Logic Symbols 


After each clock period the serial data moves into the next less 
significant stage and, at the same time, the stage below that 
goes LOW. This procedure is repeated for seven clock periods 
for the Am2502/3, and eleven for the Am2504. At the same 
time that the Qp register stage accepts data from the data 
input, the conversion complete flip-flop is set to a LOW. 


The register is now in a completed state holding the serial train 
of input data, with the first bit of the serial train in the most 
significant register stage Q7(11) and the last data bit of the 
train in Qo. Further clock transitions or data changes do not 
affect the state of the register. The register can now change 
state only by having a LOW on the S (START) input, which 
synchronously resets the. register and reactivates the serial-to- 
parallel action. The truth table for the Am2502/3 is shown in 
Figure 2. The left-side shows the input pattern at clock period 
n, and the right the resulting register state. 


The registers can be made to operate in a START-CONVER- 
SION-COMPLETE mode by having external circuitry produce 
a START signal to initiate conversion, and having the con- 
version complete flip-flop indicate to the system that the 
conversion has been performed and that the result of the 
operation is available in paralle! from the register. The registers 
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Figure 2, Am2502/3 Truth Table 


will work in a continual conversion mode when the conversion 
complete output (CC) is fed back to the START (S) input. 
The register then automatically restarts ready for another con- 
version on the clock following conversion complete. 
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Figure 3. Truncation 7-Bit Continuous Conversion Register 


A complete conversion takes nine clock pulses for the 
Am2502/3 and thirteen for the Am2504. One clock pulse is 
required for the initial reset condition, the remainder for the 
serial-to-parallel conversion. If a shorter register is required, 
one of the register outputs can be used to indicate the end of 
conversion, and can also be used as the feedback control signal 
to start the register for a continuous conversion. This register 
truncation is shown in Figure 3. The OR function is included 
to remove a possible lock-up condition. 

Am2503 and Am2504 registers can be cascaded for expansion 
so that two Am2503 registers can form a 16-bit successive 
approximation register. The conversion complete of the more 
significant device is connected to the enable input of the next 
less significant device. The respective data, start and clock 
inputs are tied together. When the START signal goes LOW, 
then on the next clock all the registers are reset, but when the 
CC signal of the first register goes HIGH the most significant 
bit of the second register is forced HIGH via the enable con- 


nection. The second register will remain in the all HIGH state 


until its enable input goes LOW. When the enable goes LOW, 
the Q7(11) output immediately goes LOW and conversion 
continues in the second device. The expansion of successive 
approximation registers is shown in Figure 4. 
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Figure 4. Expansion 16-Bit Continuous Conversion Register 
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Figure 5. Successive Approximation Register Logic 


REGISTER LOGIC 


The logic diagram for the successive approximation registers is 
shown in Figure 5. The design differs from previous ap- 
proaches in two ways. First, it has only one flip-flop per 
register stage; second, each stage is identical. These two fac- 
tors allow an economical, efficient design particularly suitable 
for integrated circuit implementation. The design uses a mini- 
‘mum of components and power and operates at high speed. 


The register flip-flops are split into two sets of latches. The 
master latches hold control information and change state 
when the clock input is LOW, and the slave latches hold the 
data and change state when the clock input is HIGH. The 
two latches used at each register stage are in a slave-master 
arrangement with gating between the slave and the master. 


The peripheral logic necessary to take care of control inputs 
and outputs is fairly small. It consists of: (a) a master latch 
on the data input in which the serial data is temporarily stored 
prior to sending the data to the slave latch specified by the 
master control latches; (b) another master latch to hold the 
START information during the resetting of the register; (c) 
a conversion complete flip-flop; (d) for the Am2502 and 
Am2504 an extra slave latch, driven from the data master 
latch, which provides the serial data output; and (e) for the 
Am2503 and Am2504 registers enable logic, which is part of 
the most significant register bit slave latch and can override 
the resetting of this latch. 


The enable input, E, of the Am2503 and Am2504 allows 
registers to be cascaded for expansion and has the effect of 
controlling the state of the Q7(11) bit of the register so that 
when a START signal is applied the most significant bit stays 
HIGH instead of going LOW. The register remains at all 
HIGHs until the enable is released to a LOW. Immediately 
Q7(11) goes LOW, data is accepted at the data input, and 
conversion begins for this section of the register. 


SUCCESSIVE APPROXIMATION CONVERSION 


Successive approximation analog-to-digital converters operate 
by comparing an unknown analog input against a time-de- 


pendent feedback voltage derived from a digital-to-analog - 


converter. Conversion proceeds one bit at a time with the 


most significant bit generated first. For the first iteration the 
most significant bit in the register is made LOW with all the 
remaining bits HIGH. The register then contains a “‘trial’’ 
binary number that lies in the center of the range of possible 
numbers. This number is fed to the D/A converter and a 
comparison is made between the resulting output of the dig- 
ital-to-analog converter (1/2 full scale) and the incoming 
analog signal. If the incoming signal is larger than that from 
the digital-to-analog converter, a signal is fed back to the reg- 
ister to make the most significant bit active, and at the same 
time make the next less significant bit LOW ready for the next 
iteration. If, however, the analog input is less than the con- 
verter value, the most significant bit remains inactive, and only 
the next less significant bit changes for the next iteration. 


Conversion of an analog input to an n-bit digital represen- 
tation takes n+1 time slots. There are n time slots required for 
the data conversion and one time slot is required to initialize 
the register at the beginning of a conversion. The feedback 
voltage for the i th iteration of a conversion is 


V d,_ ro d,_ dyj_j_ 
vyaSe [Ot 5 Seek, Sat a 


2 4 2i 
Where: V, is the tota! voltage range 


i =Oton—1 


dj = 0 or 1, depending on the result of the i th 
comparison. : 


The number of bits in the register (n) is a measure of the 
digital resolution of the conversion. 


Figure 6 shows an 8-bit straight binary analog-to-digital con- 
verter that is operating in a continual conversion mode. The 
Am2502 8-bit register provides the parallel input to an analog- 
to-digital converter. The output of this converter is then 
compared against the analog input and the result applied to 
the data input of the register. At each clock period an appro- 
priate trial value is generated and a new data bit appears at the 
output of the comparator and is fed back to the register data 
input. When the conversion is complete, the CC output goes 
LOW and resets the register via the S input on the next clock. 
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A timing diagram showing the states of all the inputs, outputs 

and internal signals is shown in Figure 7. The cc output can 

te be used as a clock or enable to load the outputs of the succes- 

DATA OUT sive approximation register into an 8-bit holding register or 

Am2502SAR COMPLETES latch. A serial conversion train, most significant bit first, is 

Q7 Og 05 C4 03 92 O81 A available at the data output of the Am2502 if serial processing 
is required. 


LOGIC POLARITIES 


There are two notations used in the digital world to represent _ 
binary numbers. Jn active LOW level logic, the more negative 
voltage of the two voltage levels used to represent binary 
numbers is defined as logic “1”; logic ‘0’ is the more positive 
voltage level. (This logic representation is often called nega- 
tive logic). In active HIGH level logic, the more positive 
voltage level of the two is defined as logic ‘1’, and the more 
negative is logic “0’’. (This logic representation is sometimes 
called positive logic). A logic network will not necessarily 
; perform the same logic function in the two different represen- 
Figure 6. Successive Approximation 8-Bit Analog To tations. An example of a fogic circuit that changes function 
Digital Converter on change of input operand polarity is the familiar NAND 
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Figure 8. Conversion With Active High And Active Low Current Switches 


gate. With active HIGH inputs, it provides the AND function 
with an active LOW output. The identical logic gate provides 
the OR function with active LOW inputs and gives an active 
HIGH output. 


There is no distinct advantage between the two representa- 
tions. Some functions are simpler and take fewer components 
to perform with one representation than with the other. In 
practical systems logic polarities are usually mixed in order to 
take advantage of performing operations with a minimum of 
hardware and delay. 


The successive approximation register can be used in either the 
active HIGH or active LOW logic representation simply by 
reinterpreting the input and output polarities. In practical 


systems this means that the register can be used for the digital . 


storage and control with current switches which require a LOW 
voltage to turn on (active’ LOW current switches), or with 
current switches which turn on with a HIGH voltage level 
{active HIGH current switches). The circuitry is identical in 
both cases. The polarity of the current switch determines the 
logic polarity of the final digital converted value. The binary 
number wil! be active LOW for active LOW current switches 
and active HIGH for active HIGH current switches. The only 
other difference between the two representations is that the 


comparator must be offset +1/2 LSB for active LOW current 
switches and —1/2 LSB for active HIGH current switches to 
achieve a result with an accuracy of +1/2 LSB. A numerical 
example of an 8-bit conversion using both types of current 
switch is shown in Figure 8. 


CODING 


An analog signal can be converted into a number of different 
digital codes. Figure 9 shows the output from a perfect 3-bit 
digital-to-analog converter and the various digital codes used 
versus the analog input signal. The connections between the 
successive approximation register and the analog-to-digital 
converter remain the same for all codes. The implementation 
of a particular code is made by offsetting the comparator, 
changing the weight of the most significant bit, and/or manip- 
ulating the result of the conversion. 


STRAIGHT BINARY 


The most straightforward code is straight binary or magnitude 
conversion. [In this type of conversion the lowest analog 
input, usually zero volts, is assigned the digital value O00O...0, 
and the highest analog input, the digital value 111...1. Analog 
inputs between the two extremes generate a binary number 
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Figure 9. Analog Input vs Digital Output 


V; 
that is the nearest integer to (<2)20 where V, is the total 
r 
voltage range accepted by the converter and n is the number 
of bits in the conversion. Generally, the comparator is offset 
so that a transition between the codes 000...0000 and O00... 


1/V 
001 is made when the analog input voltage is aS (54) this 


offset causes: rounding so that the digital value obtained is 
within 1/2 LSB of the true value. 


OFFSET BINARY 


This coding scheme is the same as the straight binary conver- 
sion except that it is used to convert bipolar analog signals— 
that is input signals which lie on either side of ground. The 
register is connected to the D/A converter exactly as in straight 


. : Ve, Wf Vy 
binary, and the comparator is offset by— oS 5n, so that 


a transition from the digital value 1000..000 to 1000...001 is 


1 
made when the analog input voltage is at +3(5): Unfortu- 
nately, in the majority of digital systems the offset binary 
code is not directly usable by digital processors, and conver- 
sion to a different code has to be performed in the processor. 


2’s COMPLEMENT 


Representation in the 2’s complement mode is by far the most 
widely used bipolar representation for digital processors. The 
main reasons for this are that the coding scheme has only one 
code for zero and that arithmetic routines are straightfor- 
ward. In this code the most significant bit represents the 
polarity of the input signal; the magnitude of a negative input 


voltage is represented as the 2's complement of the equivalent 


positive voltage. (The 2’s complement of a number is obtained 
by inverting each bit and then adding a binary 1 at the least 
significant place of the number. For example, —1 in 2’s com- 
plement is represented as 11111....111, which is the bitwise 
inversion of 0000....001 plus 1 at the least significant bit). 
For 2’s complement representation the transition between the 
digital codes 0000...000 and 0000...001 occurs for an input 


1/V 
voltage of + —(—£). 
> (3) 


The 2’s complement representation is identical to the offset 
binary representation except that the most significant bit is 
inverted. A 2’s complement conversion then proceeds in 
identical manner to offset binary conversion, but the inverted 
output of the most significant bit of the register is used rather 
than the true output. 


1’s COMPLEMENT 
The 1's complement notation represents negative values by the 


bit-for-bit inverse of the equivalent positive number. This 
method of representing bipolar inputs has the severe disadvan- 
tage that there are two possible representations for zero: all 
zeroes 0000...000 and all ones 1111...111. Therefore, it is not 
often used and can cause some confusion in coding for the 
analog-to-digital converter at the zero input voltage level. To 
overcome this the most significant bit of the code is given an 
analog weight of —(2"—1), not ~2". This has the effect of 
making the analog-to-digital converter give the same output 
(OV) for the codes 1000...000 and 0111...111. Apart from 
this change of weight, 1’s complement conversion is identical 
to 2's complement conversion with the complement output of 
the most significant bit used rather than the true output. 


SIGN MAGNITUDE 


This coding scheme uses the most significant bit of the con- 
verted signal to indicate whether the analog input is positive or 
negative, with a digital “O’’ for positive and “1” for negative. 
The remaining bits in the word are used to indicate the mag- 
nitude of the analog input. Note that this coding scheme also 
suffers from the fact that there are two possible representa- 
tions for zero: 0000..000 and 1000...000. Sign magnitude is, 
however, widely used in digital instrumentation since it is a 
familiar and effective way of representing bipolar analog 
quantities. 


Sign magnitude conversion is very similar to 1’s complement 
conversion. The digital-to-analog converter again has to pro- 
duce a zero volt output for the codes 1000...000 and 0111... 
111. Since in sign magnitude representation zero is repre- 
sented by both 0000..000 and 1000...000, the result of the 
conversion uses the complement output from the most signifi- 
cant bit of the register as the sign bit and inverts the remainder 
of the result of the sign bit is a "1". 


This inversion can be accomplished by a set of exclusive OR 
gates with each output of the register feeding one of the gate 
inputs, and the remaining gate inputs connected to the most 
significant register bit as a polarity control. An alternative 
method is to drive the serial train from the comparator 
through a single exclusive OR gate into a serial-to-parallel 
converter. 


BCD CODES 


The Successive Approximation Registers may also be used to 
convert an analog signal to a BCD Code by using a BCD 
Digital-to-Analog Converter in the conversion Joop. During a 
BCD conversion the register must not be allowed to accept 
inputs which would make the converted value for each decade 
larger than ‘9’, that is illegal codes must be suppressed. 


For the normal 8421 BCD Code the two centre bits of each 
decade must not be allowed to turn on their respective current 
switches if the most significant bit of the decade under consid- 
eration has turned on its current switch. Using active LOW 
current switches this can be accomplished by forcing the data 
input HIGH during the comparisons taking place for genera- 
tion of the two centre bits if the most significant bit of the 
register is LOW, and for the active HIGH case forcing the 
input LOW when the most significant bit of the decade is 
HIGH. 


Logic-which can take care of the illegal code situation for 
both active HIGH and active LOW current switches is shown 
in Figure 10. 


OFFSETTING 


Numerous methods for offsetting are available, and manufac- 
turers of digital-to-analog converters indicate how the various 
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Figure 10. BCD Illegal Code Suppression 


offsetting schemes can be applied. Some digital-to-analog 
converters have an additional current switch and resistor leg 
that biases the converter output itself. Biasing can also be 
accomplished at one of the inputs to the analog comparator. 


An important consideration is that the offsetting direction for 
an accuracy of + LSB depends upon whether the current 


switches are turned on by a LOW or a HIGH, as shown in the 
section on logic polarity. 

DIGITAL APPLICATIONS OF SUCCESSIVE 
APPROXIMATION REGISTERS 


Recursive Arithmetic Routines 


Successive approximation registers (SAR) can be used in pure 
digital systems. The most obvious application is in systems 
that perform recursive arithmetic operations similar to the 
analog-to-digital conversion sequence. An estimate is made 
of the operand and a calculation made with this trial value; 
the operand is then increased or decreased in value depending 
upon whether the result is fess than or greater than a known 
value. This is a direct parallel with the analog-to-digital con- 
verter. A combinatorial switching network, where the output 
is some monotonic function of its input, takes the place of the 
D/A converter; and a digital comparator takes the place of the 
analog comparator. When the SAR is used as the trial register, 
an n-bit result is achieved in n+1 iterations (as against 29-1 


8-39 


8-40 


Am2503 SAR 


cc 


Q7 Og O5 Qq Q3 AQ AQ; Ag 


8 x 8 MULTIPLIER 
8 Am2505's 


Ag Ay Az A3 Ag Bg By Ba 83 By 


Am9324 §-B1T 
COMPARATOR 


“ASB 


ROOT AVAILABLE 


Ss 
ARGUMENT 


Ao A1A2 A3 Aq Bo B1 Bz Bg By 


Am9324 5-BIT 
COMPARATOR 


Figure 11. Square Root Evaluation By Recursion 


iterations on the average if a counter is used as the trial 
register), Numerous mathematical equations can be solved 
by this method, including the derivation of the square root of 
a number and the quotient in a division operation. The only 
criteria necessary are that a real solution exists and that the 
solution ts monotonic—that is, unique as far as magnitude is 
concerned. 


Figure 11 shows how the square root of a number is formed 
using a multiplier array built with Am2505 digital multipliers 
as the function generator. The successive approximation reg- 
isters provide the estimate that is then squared and compared 
with the number whose root is required. If the square of the 
trial value is less than the number whose root is desired, then a 
"1" is fed back to change the register bit under consideration. 
The time to achieve a square root is essentially n+1 multiply 
times, which, if the square root operation is not often em- 
ployed, and a multiplier array is present may be very accept- 
able since it takes only an additional successive approximation 


register and a comparator. The network a easily be mod- 
ified to perform operations of the type r = (x2 +Y24 22) 1/2, 
The multiplier array can be used to generate the various 
squares, add the products and then compare the result against 
a trial value derived from the same multiplier array. The time 
required would then be n+4 multiplication times. 


Another application frequently used is the division operation. 
This can be performed by multiplying the trial value, n, by the 
divisor and comparing the result against the dividend. If the 
dividend is larger then the trial value has to be increased; if the 
dividend is smaller then the trial value has to be reduced. The 
operation is fairly straightforward for unsigned division; with 
signed division a few problems occur. 


For 2’s complement integer division the logic is shown in 
Figure 12. 


The divisor, dividend and trial quotient are all treated as 2's 
complement numbers. The first trial value is all ones (—1). 
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Figure 12. 2's Complement Rounded Division 


The operations performed are: 
For Qe, the sign digit of the quotient: For the remaining quotient digits: 


If D7 =O and Tj_1 D +>-<P Set Q; = 1 Otherwise Q; = 0 


lf D7 =O and -3< P Set Qg =O Otherwise Oc = 1 D 
lf D7 =1 and Tj_;D ia P Set Q; = 0 Otherwise Q; = 1 


D 
If D7 =1 and —~—<P Set Qe =1 Otherwise Qe =0 
7 a 2 Poet Os er eS where T i is the i th trial value held in the SAR. 8-41 


Since the complement of the most significant bit of the reg- 
ister is used rather than the true output so that resetting the 
register presents —1 to the multiplier array, the change in 
algorithm between the sign bit and the rest of the bits is 
automatically taken care of. 


Amends aan ce The D/2 factor in the equations is used to round off the 

Og Q5 Q4 03 Q2 Qy A ; quotient. A double length dividend is assumed. The com- 

: parator is wired for a 2’s complement comparison with the 

sign digit of the product and dividend crossed over, the divi- 

dend sign bit forming part of the multiplier word and the 
product sign bit forming part of the dividend word. 
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RING COUNTERS 


Successive approximation registers can be used as ring counters 
by appropriate feedback. If the data input is held HIGH, as 
in Figure 13, then the register will fill up with logic 1s when 
clocked; and the trial bit, which is a logic 0’, will shift along 
the register. The CC output can also be used as a counter 
stage so that the Am2502/3 can be made into a modulo 9 ring 
counter and the Am2504 into a modulo 13 counter. A 
counter with a smaller modulo can be generated by feeding 

Am2503 SAR cc back one of the register outputs to the START input. This 
Q7 0g Ag Aq 03 2 Oy AQ type of ring counter is widely used for linear selection in 
memories, multiplexed display systems and for sequencing in 
control systems. 
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An alternative type of ring counter, essentially a moving edge, 
can be built by holding the data input LOW. The register on 
each clock pulse then fills with logic “0's, and a logic edge 
moves across the register as it is clocked. Again, by suitable 
feedback connection, the counter modulo can be altered. The 
size of the ring counter can be increased by cascading several 
registers allowing ring counters of any length to be achieved. 
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NOTE: MODULO IS CHANGED BY FEEDBACK CONNECTION. ANY RING SERIAL-TO-PARALLEL CONVERSION 


COUNTER FROM MODULO 2-9 CAN BE BUILT USING Am2503. 2 . 

The Am2502/3 and Am2504 are special purpose serial-to- 
parallel converters and can be used in digital systems for this 
Figure 13. Ring Counters purpose. In addition to performing the conversion function, 
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the conversion complete and start logic can conveniently be 
used to have the register automatically load its contents into a 
holding register while another conversion is being performed. 
Figure 14 shows the Am2504 with two high-speed holding reg- 
isters used to hold the result of the conversion while another 
conversion is being performed. 


In many digital communications systems, data is sent serially 
with a synchronizing or frame marker inserted between blocks 
of data. A simple example of this is shown in Figure 15. The 
serial input consists of groups of nine bits: eight bits for data 


and a synchronizing bit at the end of each data block. Data - 


enters the Am2503 serially until it is filled, whereupon the cc 
output goes LOW. The register cannot be reset unless the next 
incoming bit, hopefully the synchronizing bit, is a “1. The 
register can only continue on a ‘1’’ and assumes the next ‘1 
in the serial stream is the synchronizing bit. The register is 
then reset when the ‘'1'’ appears and conversion starts again. 
If the register was not synchronized, then the conversion will 
have begun in a different time frame and a check is again made 
the next time the CC output is LOW. Sooner or later the data 
stream becomes synchronized with the register and remains so 
unti! an error occurs, when it again slips bits until synchro- 
nization recurs. 


DATA + SYNCHRONIZATION 


Am2503 SAR 


Qg G5 Qq O3 A2 Qy Ap 


PARALLEL DATA OUT 


Figure 15. Synchronizing Serial-To-Paralle! Converter 


A more elaborate system is shown in Figure 16. This scheme 
is a multi-channel serial-toxparallel converter. Serial data en- 
ters each register in turn. When one register has its last stage 
LOW and the CC HIGH, it indicates that the data should be 
sent to the next register on the next one clock pulse. This 
method insures that the information is held in parallel in the 
registers for three-fourths of the total cycle. An extra input 
on the start control logic allows synchronization of the input 
pulse train to the converter. : 
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INTRODUCTION 


Modern electronic systems require more and more that 
operations be performed in a few nanoseconds so that the 
delay of the complete system, which may be very complex, be 
held to a minimum. There are abundant logic circuit elements 
available that meet this criterion: gold-doped TTL, Schottky 
TTL, and emitter-coupled logic (ECL), listed in descending 
order of propagation delay. Where it is necessary to interface 
from the analog world to the input of a logic system, or to 
detect very low-level logic signals in the presence of heavy 
noise, a high-speed precision comparator is needed. If such a 
comparator had a propagation delay less than. 10ns, it could 
replace costly and complex circuitry that designers are now 
forced to use in very high-speed analog-to-digital converters, 
data acquisition systems, and optical isolators, as well as make 
possible many applications hitherto considered unfeasible. It 
could also be used as a sensitive line receiver or sense amplifier, 
in 100MHz sample and hold circuits, and in very high- 
frequency voltage-controlled oscillators. 


The basic requirements for a high-speed precision comparator 
are few and well-defined: good resolution (high gain), high 
common-mode and differential voltage ranges, outputs com- 
patible with standard logic levels, and, above all, very fast 
response to signal levels ranging from a few millivolts to several 
volts. The industry workhorse, the 710, has come close to 
meeting these requirements, and except for the most demand- 
ing applications, its 40ns propagation delay is adequate. A 
survey of presently available monolithic tC comparators 
(Table!) shows that there is really none that meets the 
requirements of very high-speed systems. The newer TTL-out- 
put circuits offer only marginal improvement over the 710 
when measured under identical conditions of large input pulse 
and small overdrive, and the ECL-output comparator, although 
faster, has such poor resolution that it can be used only for 
large input signals. Advanced Micro Devices felt there was a 
need for a family of linear devices to fill the needs of very 
high-speed systems, with the first circuit being a precision 
comparator with less than 10ns delay. 


Propagation 
Delay 


Logic 


, Resolution 
Family 


Am111 
uA710 


Am106 
pLA760 
NE527/529 
MC1650 


Table I: Propagation Delays of Available Monolithic IC 
Comparators (100mV Input Step, 5mV Overdrive) 


DESIGN OBJECTIVES 


In order to achieve the ultimate in speed, it is clear that the 
comparator outputs must be compatible with ECL, even 


though at present the majority of systems use TTL. Designers 
striving for the highest possible speed will already be using 
ECL in the critical circuit areas of their systems to squeeze the 
last possible nanosecond out of the overall delay. Further, an 
ECL circuit requires only one-third the gain of an equivalent 
TTL circuit for the same resolution owing to its smaller output 
logic swing. This means that lower impedances can be used and 
consequently larger. bandwidth realized for the same power 
dissipation. Also, there is no problem interfacing the linear 
input stages with the digital output gate since an ECL gate is 
basically a non-saturating overdriven differential amplifier. 
Properly driving a TTL gate from a linear amplifier is more 
difficult, however, because it requires a large voltage swing 
suitably biased to track the input logic threshold with 
temperature, plus a large peak negative current capability to 
turn off the gate with minimum delay. 


The usefulness and versatility of a comparator can be 
enhanced by adding a strobe or latch function to the circuit. A 
strobe simply forces the output of the comparator to one 
fixed state, independent of input signal conditions, whereas a 
latch locks the output in the logical state it was in at the 
instant the latch was enabled. The latch can thus perform a 
sample and hold function, allowing short input signals to be 
detected and held for further processing. If the latch is 
designed to operate directly upon the input stage—so the signal 
does not suffer any additional delays through the 
comparator—signals only a few nanoseconds wide can be 
acquired and held. A latch, therefore, provides a more useful 
function than a strobe for very high-speed processing. 


The most difficult input signal for a comparator to respond to 
is a large amplitude pulse that just barely exceeds the input 
threshold. This forces the input stage of the comparator to 
swing from a full off (or on) state to a point somewhere near 
the center of its linear range. This exercises both the large-and 
small-signal responses of the stage. If the comparator has less 
than 10ns delay under these stringent conditions, then it 
should be as fast or faster for any other circumstances (see 
Figure 1). The industry standard measurement is with a 
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100mV input pulse and an overdrive 5mV above input 
threshold (this was used for the delays given in Table 1). Pulses 
larger than 100mV might be used, but this would multiply 
measurement difficulties, since only a few tenths of a percent 
aberration or ripple in the pulse generator waveform would be 


enough to seriously affect the accuracy of the small overdrive,. 


and thus would give misleading results for the propagation 
delay. 


To obtain satisfactory speed for all input signals and particu- 
larly for the worst case measurement conditions, the input 
stage of the comparator must have: 1) wide small-signal 
bandwidth, 2) high slew rate for large signals, 3) minimum 
voltage swings, and 4) high gain. The first requirement can be 
realized by using low-value load resistors, by making every 
effort in circuit design, device geometry: and processing to 


_ Minimize parasitic capacitances, and by using transistors with 


the highest fT possible. The second item calls for high 
operating currents as well as minimum capacitance. The last 
two requirements are conflicting, since obtaining high gain 
normally requires a large voltage swing; therefore some means 
of clamping the swing must be used that does not degrade the 
propagation delay. 


The overall gain of the complete comparator must also be high 
because, as illustrated in Figure 1, the propagation delay is less 
if each stage is well overdriven. To ensure that most of the 
input overdrive signal is actually used for overdriving, and not 
consumed in just moving the output from one state to the 
other, the gain error should be no more than about 10% of the 
input overdrive. Therefore, for a SmV overdrive and an ECL 
output swing of 800mV, the minimum gain must be 1600. It is 
not practical to strive for much higher gain than this because 
the small-signal rise time begins to suffer as the stage gain 
increases. Addition of another stage is undesirable as this also 
adds delay and increases circuit complexity. It must be 
remembered that there is a maximum limit on power 
dissipation that a single integrated circuit package can handle 
adequately, and this consideration must influence the choice 
of operating currents and impedance levels throughout the 
design of the circuit. 


With a figure for the total gain required, it is now possible to 
determine the number of stages and the gain per stage. Since 
the output stage must be ECL-compatible, its design is fixed, 
giving a differential-input to single-ended-output gain of about 
6. This leaves a differential gain of 270 to be provided by the 
remainder of the comparator. This is most efficiently divided 
between two stages, each with a gain somewhat over 16. Both 
stages should be identical, since minimum overall delay time is 
obtained when identical stages are cascaded. 


A factor not yet discussed that affects the accuracy of the 
comparator is its input offset voltage. Unless this is trimmed 
out initially, it must be added to the overdrive in. determining 
the worse-case value of input signal for which the propagation 
delay specifications will be met. Even with trimming, the 
temperature drift of high-offset units is typically much greater 
than that of low-offset units. Therefore, it is desirable to have 
low initial offset so that trimming is not necessary, and so that 
the offset temperature coefficient will be good. Also affecting 
the offset voltage and its drift at higher source resistances are 
the input currents. To keep this contribution to the total 
offset low requires high current gains in the input transistors. 
Therefore, obtaining offsets in the 1—-2mV range requires close 
attention to circuit design, mask layout, and very tight process 
control (equivalent to that. needed for the high-performance, 


tow-frequency operational amplifiers), but with the added 
kicker of fs well above 1GHz. 


As was mentioned, large common-mode and differential 
voltage ranges are desirable features of a comparator. The 
limits of the common-mode range in a well-designed circuit 
should be close to the supply voltages. Since a high-speed 
comparator will, of necessity, operate at fairly high current 
levels, the supply voltages must be low to stay within the 
package power dissipation limits. As a minimum, the common- 
mode range should be equal to or exceed the differential 
voltage range to take full advantage of the voltage breakdown 
characteristics of the input transistors. The basic differential 
amplifier input stage has a differential voltage breakdown in 
the range of 5 to 6 volts; the design goal for the common 
mode range should thus be at least +3 volts. 


In summary, the design objectives for a high-speed precision 
comparator are as follows: 


1) - propagation delay <10ns measured at 100mV input 
step, 5 mV overdrive 

2) ECL-compatible outputs 

3) latch capability 

4) gain >1600 

5) input offset voltage <+2mV 

6) common -mode range >+3V 


CIRCUIT DESIGN 


The watchword in designing wideband circuits is simplicity 
— have the fewest possible active devices in the signal path, the 
lowest possible impedance levels, and the lowest possible 
capacitance. The simple, common-emitter differential ampli- 
fier can be designed to approach these ideals with one major 
exception: the deleterious shunting effect of the collector-to- 
base capacitance upon the driving source resistance is multi- 
plied by the voltage gain of the stage (Miller effect). Even 
though the impedance levels will be only a few hundred ohms 
at most, this condition cannot be tolerated if maximum speed 
is to be achieved. The solution is to add an additional pair of 
common-base transistors to form a differential cascode ampli- 
fier (Figure 2). This circuit has all of the performance features 
of a common-emitter amplifier and no feedback capacitance. 


OUTPUT 1 © 
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Figure 2. Differential cascode amplifier 


Further advantages of the cascode will become apparent later 
when the latch design is discussed. The only drawback is that 
there are more devices in the signal path, the positive 
common-mode range is reduced, and circuitry has to be 
provided to bias the cascode transistors. 


!t is now necessary to provide a means of shifting the signal at 
the output of the cascode (which is very near the positive 
supply voltage) down to a lower voltage to drive the inputs of 
the second stage. The use of PNPs is definitely out because of 
their poor frequency response. This leaves three possibilities: a 
chain of forward-biased diodes, a programmed voltage drop 
across a resistor, or a zener diode. The diode chain is useful for 
level shifts of only a few volts at most, above that, the number 
of diodes gets too large, with a consequent increase in shunt 
capacitance and temperature coefficient. The use of a current- 
source/resistor combination is in the wrong direction for 
_ keeping impedance levels low. The resistors could be bypassed 
with capacitors, but this would offer only marginal improve- 
ment, since integrated capacitors have a Jarge shunt compo- 
nent to the substrate. Besides, the addition of four capacitors 
(for both stages) would result in a large increase in chip area. 


The zener diode is definitely superior for high-frequency 
applications because its shunt capacitance to ground is tow, 
being equal to the collector-to-base capacitance of a transistor. 
It has no capacitance to the substrate, and its dynamic 
resistance is quite low. It does have the disadvantage that the 
level shift is limited to one voltage (6V), which restricts the 
range of power supply variation the circuit can tolerate. In 
addition it requires very tight control of the manufacturing 
process to maintain the matching required. For an input stage 
gain of 16 the zener voltages have to be matched to ‘better 
than 0.25% to produce less than ImV offset voltage at the 
input. 


As shown in Figure 3, the zeners are buffered from the 
cascode collectors by emitter followers. The pulldown current 
through the zener-follower combination must be made large 
enough to discharge the node capacitance when the follower 
swings in the negative direction. The minimum value necessary 
is determined by the node capacitance, the signal swing, and 
the amount of delay that can be tolerated. The amount of 
signal swing can be reduced by adding clamping diodes across 
the collectors of the cascode. Regular diode-connected transis- 
tors could be used, but would add considerable collector-to- 
substrate capacitance across the load resistors as well as 
 base-to-emitter capacitance between them. Schottky diodes, 
on the other hand, require {ittle additional chip area, and are 
very fast. With clamping, some of the common-mode range 
lost when the cascode was added can be regained because the 
cascode transistors can be biased closer to the positive supply 
without fear of going into saturation at the extremes of the 
signal swing. The use of Schottky diodes, however, puts a few 
more gray hairs on the head of the process engineer since he 
has to control another set of characteristics without affecting 
the other parameters. The circuit values given in Figure 3 are 
designed for a minimum differential gain of 16, and a 
minimum negative-going slew rate at the output of. the 
level-shifter of 1000V/us. 


As mentioned earlier the design of the output stage (Figure 4) 
can vary little from that of a standard ECL gate. The 
output emitter followers have to be large enough to handle 
loading by a 502 transmission line (25mA), yet small enough 
not to add a lot of capacitance that would slow down the 
response. Therefore, the transistor design must be as efficient 
as possible with regard to physical size and current-carrying 
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Figure 3. Basic cascode gain stage 


capacity. Since the input common-mode level to the gate 
varies with changes in the power supplies and resistor 
tolerance, a current source is used to supply the emitters of 
the gate, rather than the usual resistor to the negative supply: 
The design of this current source must be such as to provide 
the correct logical ‘1’’ and ‘0’ levels at the output and the 
proper variation with temperature and power supply changes. 
The propagation delays to either output of this gate will be 
equal, whereas they are slightly different in a standard ECL 


‘yate owing to the additional capacitive loading on the Q 


output caused by the multiple input transistors. 


Implementation of the latch function must be accomplished 
without interfering with the normal comparator operation or 
degrading the speed in any way. It must be as close to the 
input as possible to permit short input signals to be acquired 
and held. One simple method of adding a latch to a differential 
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Figure 4. Output gate 
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Figure 5. Simple latch circuit 


© LATCH 
ENABLE 


Figure 6. Cascode with latch 
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amplifier is shown in Figure 5. A pair of transistors, Qs and 
Og, are cross-coupled at the collectors of the input transistors, 
Q, and Qo. The current source Ip is switched on when it is 
desired to enable the latch. If I2 is greater than !1, the positive 
feedback via Qs and Og will hold the circuit in whatever state 
it was in when the latch was turned on. 


The simple circuit of Figure 5 is not the best for speed because 
of the added capacitance of Qs and Og and the fact that they 
can saturate unless the signal swings are very small. However, it 
can be adapted to the cascode stage quite nicely as illustrated 
in Figure 6. Drive for the positive feedback transistors is taken 
from the level shifters, and the collectors go to the emitters of 
the cascode. With this arrangement there is no significant 
capacitive loading on the gain stage at all. The current source is 
switched by another differential amplifier, Qg—Q1Q, refer- 
enced to the ECL logic threshold voltage. This provides the 
correct input levels for the Latch Enable being driven from a 
standard ECL gate as well as being very fast, since only 
currents are being switched. 


The latch current source (12) must be about 1mA greater than 
the input current source (I4) to ensure positive latching for 
any condition of input signal. Thus, for 5mA in the input 
stage, at least GmA must be used to power the latch. This 
amounts to a lot of power consumed for a function that some 
users may never even need. However, there is a way to cut the 
latch standby power down to zero; this is accomplished by the 
addition of Q7 and Qg, as shown in Figure 8. 


To understand the function of these transistors, first refer to 
Figure 7. The differential voltage appearing across the emitters 
of the cascode transistors is equal to the input signal (for small 
input signals). This is because the currents through the lower 
pair of transistors in the cascode are equal to the correspond- 
ing currents through the upper pair, and the transistors are 
matched; therefore the differences in base-emitter voltages 
must be equal. Thus, Q7 and Qg function as if they were 
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Figure 7. Cascode with “parallel” transistors 


OUTPUT 1 


Figure 8. Complete input cascode stage with latch 


simply connected in parallel with Q1 and Qg, as far as the net 
effect at the collector load resistors is concerned. To obtain 
the desired total stage gain, the current 14 can be 2mA and 13 
can be 3mA, 


Now refer to Figure 8. With the latch enable HIGH, Qg will 
be switched on and the 3mA current source will be supplied to 
the parallel transistors, Q7—Qg. The comparator functions 
normally, and no current is used up in the latch. When the 
latch enable goes LOW, 1!2 will be switched through 079 to the 
positive feedback transistors, robbing 3mA from the gain stage 
and giving it to the latch. The latch current is now 1mA 
greater than the input stage current, but the total current 
required is still only 5mMA. As with the latch transistors, the 
collectors of the parallel transistors are connected to the 
emitters of the cascode, so no additional capacitance is added 
across the load resistors. This places the requirement on Q7 
and Qg that they maintain their high f7 at zero collector-to- 
base voltage. 


The use of the parallel transistors has the added bonus that the 
input bias currents are decreased by more than a factor of two, 
thus reducing their influence on the offset voltage. The 
penalty paid is that all three pairs of junctions (Q1—Q92, 
Q3-—04 and Q7—Qg) add equally to the input offset. Once 
again, the processing must be carefully controlled to keep the 
overall offset within the 2mV goal. 


The complete circuit of the comparator is given in Figure 9. It 
includes some additional refinements as well as the DC biasing. 
The drive for the latching transistors is taken from the emitters 
of the second cascode rather than from the level-shifting 
zeners. This removes their input capacitance from the level 
shifter and also ensures that Q19 cannot saturate. A resistor 
(Rg) is included to center the common-mode voltage at the 
input to the gate within its dynamic range; this prevents 
saturation of the gate or its current source over the expected 
range of signal swing, temperature drift and supply voltage 
variations. A separate ground is used for the output emitter 
followers so that heavy loading at the output will not couple 
back into the remainder of the circuit. The DC bias chain for 
the current sources is referenced to ground and the negative 
supply, so the output logic levels will track those of other ECL 
circuits connected to the same negative supply. The current 
sources are designed to stay constant with temperature, which 
keeps the open-loop gain high at elevated temperatures 
(>1000 at +125°C), and thus helps to maintain good 
propagation delay. 
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Figure 9. Complete schematic of the Am685 comparator 
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PROCESS TECHNOLOGY 


Circuit design requirements for high speed and a latch function 
result in an input structure that has three pairs of transistors, 
the matching of- which determines the offset voltage. This 
dictates that the matching of VBE shall be extremely good 
between the transistors in each pair in order to meet the 2mV 
maximum offset voltage target. For the speeds necessary the 
transistor fy has to be in the region above 1 GHz, so high-fre- 
quency performance can not be compromised. The slew rate 
of the input stage has to be very high for acceptable response 
with large input signals. This is achieved by high operating 
current and low stray capacitances. It is very desirable to keep 
both the input bias current and the input offset current very 
low so that the impedances in the source voltages do not 
introduce intolerable input voltage errors. It would be possible 
to use a Darlington-connected input stage to achieve these low 
currents, but the penalty exacted in offset voltage, offset 
voltage drift, and propagation delay is unacceptable, so high 
current-gain transistors that match extremely well are needed. 
The problems are thus centered on achieving very well- 
matched transistors with high beta and high fy. 


As previously mentioned, it is desirable in a comparator to 
have a wide common-mode voltage range and high power- 
supply rejection ratio. This is facilitated by using Schottky 
diodes to clamp the collector-to-collector swings in the first 
two stages. Schottky diodes can be fabricated simply by 
making a window in the oxide over the N-type epitaxial layer 
and using the same evaporated aluminum as is used for the 
interconnects (see Figure 10). The contact potential between 
silicon and aluminum causes a potential barrier to the flow of 
electrons. Making the metal positive lowers this barrier, 
allowing electrons to pass over it by virtue of their thermal 
energy. This process is essentially the same as thermionic 
emission. Since these electrons are majority carriers, Schottky 
diodes show extremely fast turn-off characteristics, desirable 
in this application. Why the Schottky diode is so attractive is 
that the forward voltage necessary to produce a given current 
may be several hundred millivolts less than that required to 
produce the same current in ap-n junction diode of about the 
same size. It can thus be used as a “clamp” to prevent a 
bipolar transistor from saturating, when connected from 
collector to base so as to prevent the forward voltage of the 
collector-base diode from rising to a level sufficient to cause 
appreciable current flow in the collector-base diode. This is the 
common application in Schottky TTL circuits. ‘ 


In the ECL comparator the use is different. Here they are used 
back-to-back to limit the differential voltage swings between 
the collectors in both the first and the second stages. 
Connected in this way the reverse voltage seen by one 
Schottky diode is equal to the forward voltage drop of the 
other diode. Because this voltage is so small reverse leakage is 
not a great problem. In the simple Schottky diode structure, as 
described above, the reverse leakage is high. Most of this 
leakage current is generated at the perimeter of the metal, 
where there is an electric field concentration. In order to 
reduce this field the metal is extended all around the opening 
in the oxide, overlaying this oxide. Spacing the metal from the 
silicon in this way reduces the field and hence the leakage. In 
applications where low leakage is critical, the use of a P+ guard 
ring is called for, but this carries with it extra capacitance, so 
in view of the fact that the reverse voltage is so low the guard 
ring technique was discarded for this application. Even so, the 
diodes used in the comparator have low leakage characteristics 
with a breakdown at about 45V. 
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Figure 10. Cross section of transistor and Schottky 
diode showing sinker and P+ base contact 


enhancement 


At the very high speeds being considered, much effort has to 
go into reducing capacitances and resistances. Thinning down 
the epitaxial layer to the minimum required to sustain the 
voltages encountered is of benefit in two ways: 1) the 
collector-isolation sidewall area is reduced, lowering the 
collector-to-substrate capacitance; 2) the collector-series resist- 
ance is reduced. The two major contributions to collector- 
series resistance are the resistance of the epitaxial material 
between the emitter and the buried N+ layer, and the 
resistance of the epitaxial layer between the collector contact 
and the buried layer. However, the first resistance is subject to 
reduction by conductivity modulation during operation of the 
device and thus is less important than the second term. The 
second term can be made very small by using a ‘sinker’, 
which is a high concentration N-type diffusion from the 
surface, through the epitaxial layer, to the buried N+ layer. 
Contact to the collector is then made to the surface of the 
sinker. (see Figure 10) 


Collector-to-base capacitance is held low by using very small 
dimensions and by using a relatively high epitaxial layer 
resistivity. The latter also serves to ‘reduce the collector-to- 
substrate capacitance. A further reduction in collector-to-base 
capacitance results from using a shallow, high sheet-resistivity 
diffusion for the base. However, this raises the base resistance, 
both because the bulk resistance from the contact to the active 
base region is increased and because the specific contact 
resistance is increased. These resistances may be reduced by 
depositing P+ regions under the base contact areas after the 
main base diffusion. 


A compromise has to be made in selecting emitter width. 
Large emitters are desirable for VBE matching, but very small 
emitters are essential for high f7. A stripe emitter, .25-mil 
wide and 1-mil long, was chosen as optimum. A difference 
in width, between two otherwise identical emitters, of 
.01-mil will be sufficient to cause an offset voltage of 1 mV. 
From this, it can be seen that the photolithography must be 
extremely carefully controlled, since the offset voltages of 
three pairs of transistors are summed to give the total offset of 
the comparator. Because the emitters are so narrow the normal 
procedure of making a contact cut inside of the emitter cannot 
be used. Instead, the emitter oxide is simply dissolved in 
hydrofluoric acid immediately before the aluminum evapora- 
tion in order to expose the emitter. As a consequence, the 
lateral distance between the metal and the emitter-base 
junction is very small, being equal to the lateral diffusion of 
the emitter. This means that the sintering process must be 
carried out at a temperature Jower than is customary in linear 
circuit manufacture in order to avoid short-circuiting the 


emitter-base junction by lateral migration of aluminum. An 
additional reason for lowering the sintering temperature is to 
avoid penetration of aluminum down through the emitter and 
base, causing emitter-to-collector shorts. 


The requirement for high current gain, for low input bias 
currents, necessitates narrow base widths. Emitter-to-collector 
shorts can be a problem in these shallow, narrow-base 
structures. The probability of shorting can be minimized by 
careful cleaning procedures and by proper emitter doping 
levels. Keeping the emitter doping level low also reduces the 
magnitude of the “emitter dip’’ effect, whereby the diffusion 
coefficient of the boron in the region under the emitter is 
greatly increased by the lattice strain caused by the emitter, 
resulting in the running-on of the base under the emitter, 
making it very difficult to achieve a narrow base width. 


An area that is neglected in digital circuit processing, because . 


high beta is not necessary, but which is of major importance in 
linear processing, is the contro! of surface conditions. If high 
current gains are to be realized, both the surface area of the 
emitter-base-depletion region and the surface recombination 
velocity must be minimized. The former implies that ionic 
contamination, such as sodium ions, must be eliminated and 
that the surface state charge density, Oss, should be made as 
low as possible, The surface recombination velocity is propor- 
tional to the fast surface state density and so can be minimized 
by making this density very low. These three goals; low ionic 
contamination, low Oss and low fast surface state density are 
achieved by using the well known techniques of MOS and 
linear circuit processing, such as annealing in an inert 
atmosphere and proper choice of sintering cycle. 


In the interests of minimum capacitance, the metal inter- 
connects are designed to be narrower than is usual in linear 
circuits. Special etching techniques have to be employed in 
order to reproduce these narrow lines reliably. These lines can 
be seen in the photomicrograph of Figure 11. 


Figure 11. Photomicrograph of the Am685 comparator 


PERFORMANCE 


The primary design objective for the comparator was to obtain 
under 10ns propagation delay for large input signals with small 
overdrive. It should then be as fast or faster for any other 
input conditions. The performance of the Am685 compara- 
tor for a 100mV step input at various overdrives is shown in 
Figures 12 and 13. The propagation delay is measured from 
the time the input step crosses the input threshold voltage to 
the time the output crosses the logic threshold voltage. The 
input threshold voltage (i.e., the offset voltage) was adjusted 
for the figures so that the delay can be simply measured by 


Figure 12. Tpd —"1” for 100mV step input and various 
overdrives (input = 5mV/cm, output = 
200mV/cm) 
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Figure 13. Tpd —0” for 100mV step input and various 
overdrives (input = 5mV/cm, output = 
200mV/cm) 


counting up 5, 10, or 20mV from the bottom of the input 
pulse. The input pulse, therefore, is displayed on a magnified 
scale to facilitate this measurement and also to illustrate the 
purity of input signal required to make accurate measurements 
at millivolt overdrives. 


For a 100mV input step and 5mV overdrive, the propagation 
delay for a logical ‘‘0”’ is 6.3ns and for a logical “1” is about 
300ps less. A graph of delay as a function of overdrive is given 
in Figure 14. It was previously stated that any other condition 


Ta = 25°C 


Vin = 100mvV STEP 
— 


OVERDRIVE — mV 


Figure 14. Delay times as a function of input overdrive 
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Figure 15. Response to symmetrical input signals 
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of input signal should give faster response (refer back to 
Figure 1). This is demonstrated by Figure 15, which illustrates 
the response of the comparator to symmetrical inputs ranging 
from +5mV to £500mV. The speeds are at least 1 to 2ns faster 
than for small overdrives. 


Figure 16 shows how the delay time varies with temperature. 
The adverse effects of resistor and gain changes at elevated 
temperatures result in an increase in delay from 6.3ns at 25°C 
to 8.4ns at 85°C and 10.4ns at 125°C. All of the above data 
were taken with output loads of 502 connected to —2.0V. 
For lighter loading (such as 50022 to —5.2V) the output rise 
and fall times and propagation delays are all slightly faster. 


The usefulness of the latch is directly related to how quickly it 
can be enabled following a change in the input signal. The 
input signal must be present long enough to pass through the 
first stage of the comparator before the latching transistors can 
act upon it. The minimum time that the input must be present 
before the latch can be turned on is defined as the latch enable 
time. This is measured as the minimum time that must elapse 
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Figure 16. Delay times as a function of temperature 


between the time the input step crosses the input threshold 
voltage and the time the latch enable input crosses the logic 
threshold voltage for which the comparator outputs will 
assume the correct states. 
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Figure 17. Latch enable time and latch aperature time 
for 100mV input step, SmV_ overdrive 
(input = 5mV/cm, latch = 200mV/cm, 
output = 400mV/cm) 


The performance of the latch function is illustrated by 
Figure 17. The input signal is the standard 100mV step with 
5mV overdrive and is in the direction to cause the output to 
switch from a logical 0" to a logical ‘1. The delay of the 
latch signal relative to. the input: is adjusted until the output 
just switches to a-“’1"; this is the fatch enable time and under 
these conditions is 1.8 ns. The difference between the latch 
timing for which the output just barely switches and when it 
does not switch is the latch aperture time; this is about 500ps 
for 5mV overdrive. The performance of the latch with input 
overdrive and temperature generally follows that of the 
propagation delays (Figure 14 and 16). 


The overall performance of the Am685 is summarized in 
Table Il. It is apparent from the table and the previous 
discussion that the device is ideally suited for applications 
where both precision and high speed are required, such as in 
analog-to-digital converters, data acquisition systems, and 
optical isolators. The device is the first in a family of new 
wideband linear integrated circuits designed to meet the 
requirements of very high-speed systems. 
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Propagation Delay 

(100mV step, 5mV overdrive) 
Input Offset Voltage 

Average Temperature Coefficient 
Of Input Offset Voltage 

Input Offset Current 


7.5ns MAX 
2.0mV MAX 


10nV/°C MAX 
1.024 MAX 
10uA MAX 
+3.3V MIN 
80dB MIN 
70dB MIN 
22mA MAX 
26mA MAX 


Input Bias Current 

Common Mode Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Positive Supply Current 
Negative Supply Current 


Table Il: Performance Characteristics of the Am685 
Comparator (Ta = 25°C, V* = 6.0V, 


V7 = —5.2V, Ry = 50Q to —2.0V) 
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LINE DRIVERS AND RECEIVERS 


By R. C. Ghest, Digital Applications 


INTRODUCTION 


A familiar problem in digital systems is data communication 
between various peripheral units. Digital information must be 
reliably transmitted and received at high speed with a mini- 
mum of interconnections and components. Different pieces of 
equipment often have different ground systems, which are 
quite possibly at different potentials, and the interconnection 
is usually in a high-electrical-noise environment. Standard in- 
tegrated circuit logic gates can be used for data transmission 
over short distances, but if the interconnection is fairly long 
they will severely limit the data rate and introduce errors. 
These errors are caused by the inability to match the circuit 
impedances correctly to the transmission line, and because 
standard logic gate circuits do not have sufficient immunity to 
the large amounts of noise present in practical systems. Even 
so-called “high-noise immunity” logic is not designed to trans- 
mit to and receive data from transmission lines and is suscep- 
tible to cross-talk and ground noise. 


The criteria for a digital communication system are: Reliable 
operation in a high-electrical noise environment; ability to 
match into transmission lines to reduce line reflections; reason- 
able power consumption; high data rate and ease of use. 


SINGLE ENDED 


The simplest communication link consists of a driver with a 
single output driving a line and a receiver with a single input 
and a common ground path. This method of communication, 
called single-ended, has the disadvantage that the current 
supplied by the driver after traveling down the line returns 
through the common ground together with other system 
currents. These other currents couple noise into the transmis- 
sion link and could cause errors at the receiver. The problem 
can be somewhat overcome by having a low-impedance ground 
or by using several ground returns. 


Over short distances standard or high-noise immunity logic 
gates can be used for driving and receiving, but for longer 
distances circuits specifically designed for the task should be 
used. The advantages of single-ended operation over differ- 
ential operation are simplicity and low cost. In many applica- 
tions with a little care and attention a single-ended system 
forms an acceptable communication link. Figure 1 shows a 
typical single-ended system with the data strobed both at the 
receiver and the driver. 


DATA 
OUTPUT STROBE 


DIFFERENTIAL 


Many of the requirements outlined for a reliable communica- 
tion link indicate that a differential system should be used. A 
differential system can be designed to operate reliably over 
large distances in the presence of considerable electrical noise. 
Differential communication systems can be balanced or 
unbalanced. 


BALANCED DIFFERENTIAL SYSTEM 


A balanced differentia! communication system consists of a 
driver that accepts a logic input signal and provides comple- 
mentary output signals that can drive a balanced two-wire 
transmission line; the transmission line and a differential 
receiver, which accepts the complementary signals from the 
line, ignores noise common to both lines and provides a 
replica of the original signal to following logic. This method 
of communication is shown in Figure 2a. 


Provision is made at the receiver and/or driver to match the 
line impedance so that unwanted reflections do not generate 
noise, dissipate power or cause erroneous switching. Generally 
the differential receiver has a high-input impedance relative to 
the line impedance, and, therefore, appears to the line like an 
open circuit. External components can then be used to termi- 
nate the line from a variety of methods available. 


The logic signals are often strobed at the driver and receiver, 
and the AC response of the receiver is often adjustable in order 
to suit the noise environment and provide a large AC noise 
immunity. 


UNBALANCED DIFFERENTIAL SYSTEM 


Often it is convenient to use a differential system that is 


unbalanced. The most common unbalanced system is single- 


ended. A single-ended system has signals traveling along one 
wire with a second wire used as a ground return. Comple- 
mentary signals are not necessary, the driver is less compli- 
cated than for a balanced system, and several! signa! wires can 
share a common ground line. The number of wires in a multi- 
channel, single-ended system is therefore one half the number 
necessary in a balanced system. Figure 2b shows an example 
of an unbalanced, single-ended differential communication 
system. A differential single-ended system gives protection 
from noise common to the signal and ground line, but is 


Figure 1. Single Wire With Common Ground 
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Figure 2b. Single Wire With Common Ground Unbalanced System 


sensitive to noise injected unequally into the signal and ground 
wires. Another disadvantage is that inductive coupling between 
signa! lines is increased by the presence of a common ground 
return. These disadvantages must be weighed against the con- 
siderable hardware and cost savings of an unbalanced system 
with common ground over a completely balanced system. 


MATCHING 


It is important in a digital communication system to have the 
minimum amount of noise generated by undesired reflections 
at the driver and receiver. There are numerous ways of 
matching to the line. The line can be matched at the driver, 
at the receiver or both, each method has advantages and 
disadvantages. Generally for any but the longest lines it is 
sufficient to match at one place, and only when there are 
discontinuities in the line, party line operation, or lack of a 
reasonable match at the opposite end of the line is the extra 
hardware of matching at both ends justified. The majority of 
transmission lines have fairly low characteristic impedances 
(in the range of 50 to 200 ohms) and the currents involved for 
a reasonable voltage swing are quite large. It is more difficult 
to couple noise into this low impedance, but it is also more 
difficult to drive, and line drivers must have the ability to 
supply large currents. 


Various matching techniques that can be employed are shown 
in Figure 3. These impedance charts are useful in showing what 
happens to wave fronts traveling down a line, when the tine 
delay is longer than the wave front transition. The DC input 
characteristic of the receiver, including any external compo- 
nents, is plotted on the V-I graph together with the output 


characteristic of the driver, including any external components . 


used at the driving end. There are always quiescent points— 
points where the driver and receiver characteristics cross. These 
points represent the DC voltage/current conditions, which 
must eventually be satisfied. To determine the effect of 
switching from one quiescent point to the other, a line with a 
slope equal to the characteristic impedance of the transmission 
line is plotted, starting at the initial quiescent point and ending 
at the applicable output impedance characteristic. The point 
of intersection gives the voltage and current at the output of 
the driver (and the input of the transmission line immediately 
after the driver switches states). From this point a line having 
an equal but opposite slope is drawn to the input characteristic 
and, at the intersection shows the voltage/current conditions 


of the wave front at the input of the receiver. This procedure 
is repeated to the output characteristic and so on at each 
intersection of the characteristic, the voltage/current relation- 
ship for a particular reflection is given. The resulting time/ 
voltage relationships for the traveling wavefront at the two 
ends of the transmission line are shown alongside. 


From the graphs several important features can be seen. If the 
line is not matched at either end considerable transient voltage 
swings can occur. In fact if the input and output character- 
istics are at right angles to one another, the reflections con- - 
tinue for an infinite time if the line is assumed to have zero 
loss. Most fines have extremely low losses, and, therefore, 
a very undesirable situation exists if the line is not matched 
at either end. 


lf the line is matched at the receiver, a voltage wave of 
constant amplitude travels down the line and is absorbed at 
the termination. Note whether the line is terminated to 
ground or to the power supply the system consumes DC 
power, either in the HIGH logic level or in the LOW logic 
level. In order to reduce the power dissipation, a blocking 
capacitor can be used in series with the receiver termination. 
The capacitor can be chosen to Sook like a short circuit to the 
voltage wavefront but stop DC (current) flow. Since the 
capacitor must be charged and discharged through the line, 
the data rate is reduced, when this technique is employed. 


If the line is matched with a series resistor at the driver, then 
the line input initially rises to one half the final voltage. This 
wave front travels down the line and is reflected at the re- 
ceiver. When the reflection reaches the driver the voltage at the 
driver rises to its final amplitude. The receiver, however, sees 
one transition from the initial to the final amplitude. When the 
driver switches from HIGH to LOW a similar situation occurs, 
in which the input of the line sees at first a step to one half the 
final value and, two line delays later, the final LOW condition. 
This back matching mode of operation consumes no DC 
power if the input impedance of the receiver is infinite. The 
advantage of the method is that if the input impedance of the 
receiver is high, very little power is dissipated and current only 
flows during the transition time, which is twice the line delay 
time. If back matching is used in a balanced system the 
terminating series resistance must be divided into two equal 
resistances with resistors inserted in series with each wire in 
order to maintain a balanced system. 
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Figure 3. Line Matching Methods 
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Figure 4. Logic Diagrams and Pin Numbers of the Am9620 and Am9621 


THE Am9620 DUAL LINE RECEIVER AND 
Am9621 DUAL LINE DRIVER 


- The Am9620 and Am9621 are first generation devices specifi- 


cally designed for differential digital transmission line systems. 
The devices can be used in either balanced or unbalanced 
systems. With these devices a transmission system can be 
designed that is immune to up to 15 volts of noise injected 
into the lines. This common-mode noise rejection makes the 
devices suitable for applications in which the noise level is 
high and the ground systems are at different potentials. Logic 
symbols and pin numbers are shown in Figure 4. In addition to 
the normal +5 volt supply an auxiliary +12 volt supply is 
required. 


THE Am9620 RECEIVER CIRCUIT 


The Am9620 dual differential line receiver is designed to 
receive differential data from transmission lines and deliver 
reshaped TTL logic signals at the output. The circuit diagram 


is shown in Figure 5. It consists of four parts: An attenuator, 
used to provide good common-mode noise rejection, a differ- 
ential amplifier, a constant current source for the amplifier 
and an inverting output buffer. 

The receiver accepts signals either through the input attenuator 
or directly at the inputs of the amplifier. A 500 mV differ- 
ential between the attenuated inputs causes the output of the 
receiver to assume the corresponding TTL logic level. Up to 
+15 volts of common-mode voltage is permitted on the two 
input signals. If the direct inputs are used only an 85 mV 
input difference is required, but the common-mode range is 
reduced. The output of the differential amplifier drives an 
inverting buffer to give a TTL level output, which can be 
AND tied for multiplexing purposes. 


THE Am9621 DRIVER CIRCUIT 


‘The Am9621 is a dual high fan-out inverting buffer that can be 
used to drive either balanced or unbalanced transmission lines. 
The circuit diagram is shown in Figure 6. 


Figure 5. Am9620 Differential Receiver Circuit 
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Figure 6. Am9621 Line Driver Circuit 
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Figure 7. Am9620 and Am9621 Used in Balanced Differential Mode with Back-Matching 
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TABLE ! BACK MATCHING FOR THE Am9621 


One of the drivers has four logic inputs, and the other has two 
inputs plus an input extender pin. Both drivers have two 
outputs, a direct output and an output through a 13022 
(425%) series resistor. This resistor output allows the driver to 
match into 130Q twisted pair lines in the single ended mode. 


The circuit consists of a conventional DTL gate that drives an 
active pull-up output. This output stage uses the +12 volt 
supply to give a large drive capability and noise margin in the 
HIGH logic level. The output is clamped by diodes to Vece and 
ground in order to give a low impedance in all conditions of 
operation and limit line reflection transients. 


COMMUNICATION SYSTEMS USING 
THE Am9620 AND Am9621 


A balanced transmission line communication system is shown 
in Figure 7. In the balanced mode both drivers in the Am9621 
must be used and are driven from complementary sources. 
One driver can be driven from the other, but this method has 
the disadvantage of introducing delay between the comple- 
mentary signals, which can cause momentary erroneous 
switching at the receiver. (This noise can be screened by 
altering the input response of the receiver with external com- 
ponents.) The system incorporates back matching at the driver. 


The signals from the driver travel down the line, are reflected 
at the effective high-impedance inputs of the receiver, and 
return to the driver where they are absorbed in the series 
impedance. This method of matching has the advantage of 


LOW STATE INPUT 
DEVICE 


TYPICAL 
RECEIVER 
INPUT 
CHARAC- 
TERISTIC 


louT — OUTPUT CURRENT — mA 


2 4 6 8 10 
VouT — OUTPUT VOLTAGE — VOLTS 


Figure 8. Am9620-Am9621 Impedance Chart 


consuming only AC power as no DC component is present in 
the signals on the line. 


Figure 8 shows the input impedance of the Am9620 and the 
output impedances of the Am9621 in its two logic states with 
and. without the internal resistor. This chart can be used to 
estimate the signal reflections occurring in a system by plot- 
ting the line impedance as illustrated in Figure 4. 


When the Am9620 is used in an unbalanced system the input 
threshold of the differential amplifier is set at a level half-way 
between the two output levels of the driver in order to give a 
differential noise margin. This is done by biasing the negative 
input of the amplifier with a voltage source. 


THE Am9614 DRIVER AND Am9615 RECEIVER 


The Am9614 dual differential line driver and Am9615 
dual differential line receiver (shown in Figure 9) are second 
generation elements designed to transmit and receive digital 
information over balanced transmission lines. The main differ- 
ence between these and the Am9620 and Am9621 is that 
they use only a single +5 volt power supply and still provide 
common-mode rejection in a system of +15 volts. 


8-57 


8-58 


Am9615 


DRIVERA 


DRIVER B 


Voc = PIN 16 
GND =PIN8 


Figure 9. Logic Diagrams and Pin Numbers of the 
Am9614 and Am9615 


The dual driver consists of two 3-input AND gates driving 
output buffers, which have complementary outputs. Each of 
these complementary outputs is split into an active pull-up 
output and an active pull-down output. The differential re- 
ceiver has 5k92 input impedance and provides +15 volts of 
common-mode rejection. The receiver requires a 500 mV 
differential signal at the input in order to establish the correct 
logic level at the output over this common-mode range. Each 
receiver includes a 13022 resistor, which can be used to termi- 
nate twisted pair lines. A response control input is available so 
that the AC response of the receiver can be adjusted to suit the 
particular system requirements. The output of the amplifier 
drives an inverting buffer, which has the active pull-up and 
pull-down circuits split and brought out on separate pins. 


THE Am9614 DRIVER CIRCUIT 
The Am9614 circuit is shown in Figure 10. Each driver con- 


sists of a 3-input TTL AND gate with input clamp diodes and. 


complementary buffer outputs. Each buffer output is split 
into an active pull-up output capable of sourcing 10 mA at 
2.4 volts, and an active pull-down output, which can sink 
40 mA at 0.4 volts. The two outputs of each buffer can be 
connected to give a low-impedance output at both logic levels. 
The output impedance of the driver is low and approximately 
the same at both logic levels to allow good back matching 
characteristics. 


Figure 10. Am9614 Differential Line Driver 
Circuit Diagram 


THE Am9615 RECEIVER CIRCUIT 


The Am9615 circuit: is shown in Figure 11. The receiver con- 
sists of: (1) an input attenuator used to improve noise 
rejection by decreasing the voltage seen at the inputs of the 
differential amplifier. The attenuator is designed to give a 
+15 volt common-mode rejection with a single +5 volt supply 
and, to limit the voltage seen by the input transistors of the 
amplifier. A 130Q terminating resistor is available at the input 
of the attenuator; (2) a two-stage differential amplifier that 
takes the attenuated signals and produces an amplified signal 
to drive the output buffer; (3) a temperature-compensated 
current source; (4) an output buffer which produces TTL logic 
levels. The active pull-up and active pull-down circuits are 
brought out to separate pins for multiplexed operation. A 
strobe input and frequency response control are also provided. 


COMMUNICATION SYSTEMS USING 
THE Am9614 AND Am9615 


The normal method of using the devices is in a two-wire 
balanced system. Various techniques are available for matching 
the circuits to the line. The most widely used, although not 
the most efficient in terms of power dissipation, is to match 
the line at the receiver with a terminating resistor equal to the 
characteristic impedance of the line. A blocking capacitor is 
sometimes used to stop DC current flow and to reduce power 
dissipation. A better method is to back match at the driver 
by placing a resistor in series with the line. Table !| gives the 
value of series resistors required for optimum matching into 
lines of different characteristic impedance. These values take 
into account the output impedance of the driver. The im- 
pedance curves for the devices are shown in Figure 12. 


In many systems several drivers are multiplexed onto a single 
transmission line to save cost. Drivers can be multiplexed, as 
shown in Figure 13, by having all the active pull-up outputs of 
the non-inverting buffer drive one line and all the active 
pull-down outputs of the complementary buffer drive the 
other line. Since this configuration provides a low-impedance 
drive to only one logic level, some method must be used to 
correctly define the other logic level. Pull-up and pull-down 
resistors can be used at the receiver, but this causes large 
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Figure 12. Am9614/Am9615 Impedance Chart 
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Figure 13. Multiplexed Differential Mode Operation 
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Figure 14. Am9615 Receiver Termination Methods 
When Multiplexing 


power dissipation, so some compromise is generally made 
between speed, power and DC noise margin. Figure 14 shows 
two alternate methods that can be used. In (a) the line is 
terminated in its characteristic impedance but with only a 
small DC current flow through Ra; (b) the voltage swing at 
the termination is reduced by the clamp diodes. The worse 
case DC noise margin of the balanced system is 1.5 volts at 
both logic levels. The AC noise margin can be adjusted at the 
response control input with an external capacitor to ground. 
Figure 15 shows the relationship between cut-off frequency 
and capacitor value. Input noise at frequencies above the 
cut-off frequency and pulses of duration less than 1/f¢ will not 
cause changes in the receiver output. 


THE Am2614 DRIVER AND Am2615 RECEIVER 


The Am2614 and Am2615 are circuits designed for unbalanced 
differential communication systems. The driver is a quad high- 
speed, high fan-out buffer suitable for driving low-impedance 
transmission lines. The receiver is a dual differential device 
that has an input threshold mid-way between the standard 
TTL togic levels. Otherwise the receiver is identical to the 
Am9615 receiver. 


The devices use a single +5 volt supply and give reliable 
communication with up to £15 volts of common-mode noise. 


THE Am2614 CIRCUIT 


The Am2614 quad line driver consists of four high fan-out 
TTL NAND gates with active pull-up outputs. Each driver 
has provision for strobing the incoming data and can source 
10 mA of current in the HIGH logic level, and sink 40 mA of 
current in the LOW logic level. The driver can be used as a high- 
speed buffer for logic applications as well as for line driving. 


THE Am2615 CIRCUIT 


The Am2615 is the only TTL compatible line receiver available 
that can accept single-ended data from a transmission line 
and give +15 volts of common-mode noise rejection. The 
difference between this circuit and the Am9615 is that the 
differential threshold of the Am2615 is set at 1.5 volts, mid- 
way between the. TTL logic levels, by biasing internally the 
differential amplifier. 
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Figure 15. Am2615/Am9615 Receiver Cut-off Frequency 
External Capacitance 


UNBALANCED DIFFERENTIAL SYSTEMS 
USING THE Am2614 AND Am2615 


‘The Am2614 and Am2615 circuits can be used in an un- 


balanced system with a separate ground wire for each channel 
or with a ground wire shared between a number of channels. 
In an unbalanced ground-return the only penalty paid is a 
reduction in differential noise margin to 800 mV. The advan- 
tage of half as many drivers as in a balanced system often 
justifies this reduction. 


In an unbalanced system with a common ground, a four- 
channel system uses only three IC packages and five wires as 
against four ICs and eight wires for the balanced system. The 
common ground must be interlaced with the signal wires to 
ensure that any injected noise is common to all wires. Any 
unbalance will cause differential voltages. 


The common ground is used at the negative input of each 
receiver, but the receiver ground is not connected to the 
common ground since it may be at a completely different 
potential. The main problem with an unbalanced system is 
that differences in potential are caused by: (1) DC currents 
that are summed in the common ground and cause a differ- 
ential voltage drop at the input of the amplifiers. This dif- 
ference voltage is usually small unless considerable DC currents 
are flowing down the lines; (2) AC currents that also add and 
cause voltage differences at the inputs of the amplifiers. These 
AC currents often can be quite large particularly if a low- 
impedance transmission line is driven. This current causes an 
induced voltage in all the signal wires, the amplitude of which 
is dependent upon the mutual inductance and capacitance 
between the lines, and the self inductance of the line. The 
effect is difficult to analyze for more than two signal wires, 
but as the number of signal wires which share a common 
ground is increased the induced voltages become larger, and 
can cause erroneous switching of the differential line receivers. 
The duration of the induced noise is a function of the tran- 
sition times of the transmitted signals, and can be screened out 
by suitable choice of capacitor at the response control input of 
the receiver. In practice it is often convenient and satisfactory 
to split a multi-channel system into groups of eight channels 
with a separate ground wire for each group of eight channels, 
and either use a capacitor to remove any AC noise caused by 
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Figure 16. Single Ended Back-Matched Operation With Common Ground 
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Figure 17. Am78/8831 Logic Diagram 


sharing the common ground, or strobe the receivers at an 
appropriate time. 


Figure 16 shows a typical unbalanced system with the signal 
wires sharing a common ground and the ground wire interlaced 
in with the signal wires. 


THE Am78/8831 PARTY LINE DRIVER 


The Am78/8831 is a party-line driver that can be used for 
either single-ended or differential operation. The device has a 
two-input NOR gate control that determines whether it is to 
be used as a quad single-ended driver or a dual differential 
driver. The four outputs of the device have a three-state 
capability so that outputs can be connected to a bus for 
multiplexed operation and yet still keep a low impedance 
drive at both logic levels. The output of a driver can act as a 
source and a sink of large currents for driving into fairly low 
impedance fines, and can also be disabled into a third HIGH 
impedance state with the output loading the line with just a 
small leakage current. 


The logic diagram of the device is shown in Figure 17. A two- 
input NOR gate controls the mode of operation by switching 
exclusive OR gates on each pair of drivers. The four drivers are 


split into pairs of two, and each of these pairs can be operated 
independently by means of a two input active low AND 
Disable/Enable gate. 


When used for single-ended operation the two differential/ 
single-ended control inputs are held LOW. The device then 
Operates as four independent non-inverting drivers. For differ- 
ential working at least one differential/single-ended control 
input is held HIGH. The A-channel inputs are connected 
together and the B-channel inputs are connected together. 
Single inputs will then pass non-inverted to the Ag and Bg 
outputs and inverted on the Ay and By outputs. 


For party-line operation outputs of different channels are tied 
together, and outputs of all channels except one are forced 
into the 'third high impedance state by having at least one of 
the channel disable inputs HIGH. The channel that is enabled 
has both channel disable inputs LOW, and the low-output 
impedance of this output at both logic levels controls the level 
of the bus, provides good capacitance drive and insures good 
waveform integrity. 


The channel which is enabled can conveniently be selected by 
a decoding matrix using Am9301 1-of-10 or Am9311 1-of-16 
active LOW output decoders. The high drive capability at 
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Figure 18. Am78/8831 Party Line Driver Circuit Diagram 
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Figure 19. Quad Single-Ended Operation With the Am9615 Differential Receiver 


both logic levels enables drivers to drive a low impedance line 
and still supply: the inverse leakage current of several dis- 
abled drivers. 


The circuit diagram of the Am78/8831 is shown in Figure 18. 
The mode control gate is a conventional TTL NOR gate with 
diode pull-up. The output of this gate controls the polarity of 
the channels Az and By through an exclusive OR circuit. The 
outputs of the drivers have emitter follower active pull-up’s so 


as to present a low impedance in the HIGH logic level. The 
output has a short circuit current limiter and a clamp to the 
Vcc supply. The enable circuit consists of conventional TTL 
gate, which when enabled pulls down the collector of the 
phase splitter of the driver output and also cuts off the phase 
splitter so that both the active pull-up and pull-down circuitry 
are cut-off and only leakage current flows into the output. In 
this high impedance state the voltage level of the driver output 
is determined by external circuitry connected to the output. 
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APPLICATIONS OF THE Am78/8831 


The Am78/8831 is very useful in party line systems. The driver 
outputs can be connected together onto a data bus and the 
driver outputs controlled by an active LOW decoder. Figure 19 
shows the Am78/8831 in a single-ended party line system with 


_four parallel data busses. The ideal receiver for such a system 


is the Am2615 since it gives common-mode noise rejection 
for a single-ended system. A single ground wire is used to- 
gether with the four data lines and this ground wire used to 
establish the level at the negative input of the differential 
receivers. The party lines can be terminated at both ends so 
that undesirable reflections do not interfere with correct 
operation and a good differential noise margin is maintained. 


CHANNEL SELECT 


Ay A2 


Am9301 DECODER 
INPUTS 


Note: The Rijn equivalent is 1302 at 2.8 volts. 


A driver that is some distance from both terminations sends 
out signals in both directions and the unwanted signal is 
absorbed in the termination. 


The device can also be used in a differential mode as shown 
in Figure 20. The diagram shows a two channel differential 
party line system using the Am9615 dual differential receiver. 
The mode control of the Am78/8831 is held HIGH forcing 
the Channel 1 outputs of the devices to be the inverse of 


‘channel 2. The party line is terminated at both ends so that 


undesirable reflections are eliminated. This differential party 
tine system will allow an extremely efficient system which is 
very insensitive to both differential and common mode noise. 


Am9615 


Figure 20. Dual Differential Operation Using Am9615 Differential Receiver 


APPLICATION OF 
FIRST-IN FIRST-OUT MEMORIES 


By John Springer, Digital Applications 


The Am3341/2841, Am2812 and Am2813 are asynchronous 
first-in first-out memories using P-channel silicon gate MOS 
technology. Atl use the same fundamental storage mechanism, 
but are organized differently. The Am3341/2841 contains up 
to 64 four-bit words; the Am2812 holds up to 32 eight-bit 
words; the Am2813 holds up to 32 nine-bit words. All devices 
can easily be expanded to hold either more words or wider 
words. The Am2841 is functionally identical to the Am3341, 
but is faster. The logic symbols for these devices are shown 
in Figure 1. 


Am3341/Am2841 
4X 64 FIFO 


Am2812 
8 X 32 FIFO 


Am2813 
9X 32 FIFO 


Figure 1. Logic Symbols 


THE FUNCTION OF A 
FIRST-IN FIRST-OUT MEMORY 


A first-in first-out memory (FIFQ) is a read/write data storage 
unit that automatically keeps track of the order in which data 
was entered into the memory, and reads the data out in the 
same order. It behaves like a shift register whose length is 
always exactly equal to the number of words stored. The most 
common application of a FIFO is as a buffer memory between 


two pieces of digital equipment operating at different speeds. 
Such an application is illustrated in Figure 2, where machine 
1 might be a relatively slow electromechanical input device 
and machine 2 might be a digital computer (or vice-versa). 
Data is frequently handled in a configuration like this by 
having machine 1 generate an interrupt requesting service from 
machine 2 every time a data word is available. If machine 1 


‘transmits only a single word infrequently then the interrupt- 


oriented approach is reasonable, but if machine 1 is going to 
transmit 20 or 30 words, then the interrupt approach is 
inefficient. As each of the words becomes available, an inter- 
rupt must be generated, machine 2 must react, cleaning up 
its active processing, locate the interrupt, store the new data 
word, and return to its active processing only to receive 
another interrupt milliseconds later. 


MACHINE 1 ; FIFO ; MACHINE 2 
(SLOW) BUFFER (FAST) 


Figure 2. Asynchronous Interface between 
Two Digital Machines 


An alternative processing method is cycle stealing on a direct 
memory access (DMA) channel. In this configuration the 
system is designed so that machine 1 has direct access to the 
memory of machine 2. As data becomes available from 
machine 1, it is inserted into machine two’s memory during 
time periods when machine 2 is not using the memory. This 
method is fairly efficient, especially for transfer of large blocks 
of data from a disc or tape, but it also can result in interfer- 
ence with the active processing of machine 2 due to contention 
for the memory channel. 


The most efficient way to handle the interface between these 
two machines is by using a special memory between the 
machines to temporarily store the data from machine 1 until 
machine 2 is ready to accept it. The memory must be large 
enough to store all the data that machine 1 might generate 
in-between services by machine 2, and should be able to 
write the data at the speed of, and under control of, machine 1, 


8-65 


8-66 


while reading the data at the speed of machine 2. An extremely 
useful feature in such a memory is the ability to perform 
read and write operations at the two different rates simul- 
taneously and completely independently. This allows machine 
1 to write new data into the memory at the same time that 
machine 2 is reading data from the memory without requiring 
any kind of synchronization between the two. 


METHODS OF CONSTRUCTING FIFO BUFFERS 


There are a number of ways in which FIFO memories can be 
built. The design becomes trivial if there is no requirement for 
independent reading and writing. The data can be written into 
a shift register, for example, which is clocked by machine 1. 
When a block of data has been written, the register can be 
shifted until the first data word is available at the output, and 
then shift control can be handed to machine 2, which shifts 
the data out as required. This method requires that data 
transfer occur in blocks only, since once the data has been 
shifted to the output, a new word cannot be written until 
the last block has been completely read. 


A somewhat more flexible FIFO can be built using a random 
access memory with counters used to generate the read and 
write addresses. A multiplexer is used to select the appropriate 
address counter for a read or write, and the counter is incre- 
mented at the end of the cycle, so that the next read or write 


will occur at the next counter address. Since the location of 


the next read and write are held in independent counters, 
reading and writing can be randomly intermixed. However, 
using an ordinary RAM, only one operation can be performed 
during a given cycle, since only one address can be selected 
at a time. 


If the RAM is very fast relative to the machines using it, then 
the control logic can be designed to receive read and write 
requests independently and to execute them so quickly that 
the FIFO buffers appear to operate completely asynchronously. 
In the general case, this means the RAM cycle time must be 
less than half the cycle time of machines 1 or 2. This is 
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necessary so that the buffer can perform alternate read and 
write operations at the maximum speed of both machines. 
The control logic to do this is fairly complex and requires an 
independent clock running at more than twice the frequency 
of machine 1 or 2. 


The problem of handling read and write operations simul- 
taneously is alleviated if a 2-port RAM is used. Such a device 
(e.g., the Am9338) has two independent sets of address inputs, 
one for reading and one for writing, so no synchronizing of 
read and write requests need occur. Unfortunately, two port 
RAMs are limited to small numbers of bits, and, therefore, 
are fairly expensive to use in a FIFO of reasonable size. 


The Am3341/2841, Am2812 and Am2813 are totally inte- 
grated solutions to the problem of asynchronous FIFOs. A 
special unique control system is integrated into the device to 
make possible completely independent reading and writing. 
Because the contro! and data storage are intimately mixed on 
one LSI chip, a very efficient, cost-effective FIFO can be con- 
structed. The three devices, all of which use the same basic 
control scheme, are organized into three different configura- 
tions to provide optimum flexibility for all applications. 


STORAGE AND CONTROL IN THE 
Am3341/2841, Am2812 AND Am2813 


The Am3341/2841, 64x 4 FIFO will be used to explain the 
storage technique. A similar scheme is used in the Am2812 
32 x 8 FIFO and Am2813 32 x 9 FIFO. A logic block diagram 
of the Am3341 is shown in Figure 3. Data words are stored in 
64 four-bit registers, connected so the output of one feeds the 
input of the next. Note that if all 64 registers were clocked 
together, the device would look like a quad 64-bit shift 
register. FIFO operation is performed by clocking each register 
independently so that data can be selectively shifted through 
the registers. To shift or not to shift: that is the decision which 
must be made independently by each of the 64 registers. The 
decision is made by examining a control flip-flop associated 
with each register to determine if that register contains valid 
data or not. 


4-BIT 
REGISTER 
62 


STROBE 


CONTROL 
LOGIC 


Figure 3 


Initially, the FIFO is reset and there is no data anywhere in it. 
The control flip-flops are all reset to “0.” A write command 
causes a 4-bit data word to be entered into the first register 
and sets the control flip-flop for that register, indicating valid 
data is present. The control flip-flop for the second register is 
a “‘0” and this causes it to continually examine the control 
flip-flop for the first register, looking for a ‘’1."” When the data 
is written into the first register, the second register sees the 1,” 
and a clock is generated to it, copying the data from the first 
register into the second, setting the control flip-flop for the 
second register, and clearing the control flip-flop for the first 
register. In exactly the same fashion, the third register copies 
the data from the second, and the fourth from the third until 
finally the data ends up in the last location. At this point all 
64 ‘registers contain the same data, but only the last control 
flip-flop contains a “’1,"’ the others all having been reset as the 
data was copied into the next register. 


As soon as the data moves from the first register to the second, 
the control flip-flop for the first register is cleared. A new data 
word can then be written into the first register. The first 
control bit is brought out as “input ready” (IR), and data can 
be entered anytime it is HIGH. When the data has been accep- 
ted, IR goes LOW (a ‘’1” in the control bit) and when the data 
moves to the second register, IR goes HIGH again. The new 
data falls through the registers as long as there are “Os” in the 
corresponding contro! flip-flops. Eventually it reaches the 
register immediately behind a register already containing data. 
Since the control bit for that register is already a ‘1,’ the 
data is not moved any further and remains stacked up behind 
the existing data. A read command on the output causes the 
last control flip-flop to be cleared, creating a new empty 
location. The next to the last word is copied into the last 
word and the hole in the control register moves back toward 
the input as the data words move down one place. This 
process can continue until all data has been shifted out of the 
memory. When the last word has been read the external signal 
output ready (OR) remains LOW, indicatingno more data is 
available. 


This scheme allows the reading and writing of data to occur 
completely independently and even simultaneously. Data can be 
written into the device as rapidly as the device is capable of 
moving it away from the first register; it can be read at the 
same rate. The only constraint imposed by this scheme is that 
a certain amount of time is required for the first data word 
to propagate to the end of the register. This time is referred 
to as the “ripple-through" time and is the internal shift 
time multiplied by the number of bits from input to output. 


CONTROL SIGNALS TO THE Am3341/2841 AND Am2813 


There are four signals used with the Am3341/2841 and Am2813 
to control the reading and writing of data. These are parallel 
load (PL, or SI on 3341), input ready (IR), parallel dump 
(PD or SO on 3341) and output ready (OR). 


The two outputs, IR and OR, are derived from the state of: 


the first and last control flip-flops, respectively, and are used 
to indicate the presence or absence of data at the input and 
output of the FIFO. When IR is LOW (that is, input not ready) 
then there is data residing in the first data register. New data 


may not be entered until this data has moved to the second: 


register, indicated by IR going HIGH. The OR signal goes 
HIGH whenever valid data is present on the FIFO output. 
Whenever a shift-out command is received, OR goes LOW 
while the data is being changed. If there is no more data, OR 
stays LOW, indicating the memory is empty. Otherwise OR 
returns HIGH as soon as the new data is on the outputs. Data 
is entered into the FIFO by a LOW-to-HIGH transition on 
shift-in (PL), while (R is HIGH. The fact that both these signals 
are HIGH causes a strobe to the first data register to be gen- 
erated, loading the data on the data inputs into register and 
setting the first control flip-flop. When the control flip-flop is 
set, IR goes LOW, indicating the data has been accepted. The 
input data can be changed after IR has gone LOW. When SI is 
then brought LOW, the data is transferred to the next register 
{unless there is already data there) and !R goes back HIGH, 
indicating that the input is ready to receive more data. If the 
memory is full, then the data in the first register will not move 
to the second, and IR will stay LOW. Once data moves into the 
second register, it falls spontaneously through the FIFO until 
it stacks up behind data already present. 


Data in the last FIFO location is presented on the data outputs. 
While data is there, OR is HIGH. The next data word is ob- 
tained by applying a LOW-to-HIGH transition on shift-out 
(SO). This results in OR going LOW. The data does not 
actually change until SO is brought LOW again. The new data, 
if any, will be brought to the output and, after the data is 


‘stable, OR will go HIGH again. If the memory is empty, OR 


will remain LOW until a_new word falls through from the 
input. Note that anytime OR is HIGH, there is good, stable 
data on the outputs. 


MASTER-RESET 


The master reset pin (MR) is used to clear all data from the 
FIFO. When it goes LOW, all the control flip-flops are cleared 
and the output buffer is cleared. IR will be forced HIGH during 
this time. When the MR signal is removed the FIFO is ready 
to accept new data. Note that if SI is held HIGH as the master 
reset ends, then both SI and IR will be HIGH, resulting in 
immediate entry of the data on the data inputs into the FIFO. 
If this is not desired, then SI should be held LOW during the 
master reset and until new data is ready to be entered. 


EXPANSION METHODS USING 
THE Am3341/2841 


The four contro! signals on the Am3341 have been designed 
so that devices can be directly connected end-to-end, as in 
Fig. 6, and can thereby control each other. When data appears 
at the output of the first device OR goes HIGH. This causes an 


‘Sl command to the second device which in turn causes IR to 


go LOW. Since IR is connected to SO, this causes a shift-out 
at the first device, driving OR LOW until new data is available, 
and the process repeats. Lengthening of the FIFO stack re- 
quires only this simple interconnection. 


To make a wider FIFO devices are simply operated in parallel. 
Since each device is autonomous there need be no intercon- 
nection between paralleled devices, except that all the shift-ins 
at the front are connected together and all! the shift outs at 
the end are connected together. Data then ripples indepen- 
dently through each row of FIFOs. 
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INITIAL CONDITION 
FIFO empty, S! LOW IR HIGH, word “‘A” on inputs. 
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Write input into first stage by raising St. (A = delay) 1R goes LOW 
indicating data has been entered. 
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Release data into FIFO by lowering SI. After delay, data moves to 
second location, and IR goes HIGH indicating input available for 
new data word. 
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Data spontaneously ripple through registers to end of FIFO, causing 
OR to go HIGH. The time required for data to fall completely 
through the FIFO is the ‘‘Ripple-through Time”. 
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$1 goes LOW allowing word "'B” to fall through. 


SI 


LHe | 


Toto fofofot: fits] 
LAAAAS 


IR OR 


Word “C” written in same manner, and so on. When buffer is full, 
all control bits are 1’s and IR stays LOW. 


so 
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FIRST READ OPERATION 
SO goes HIGH, indicating ‘Ready to Read’. OR then goes LOW 
indicating “Data Read”. 
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When SO goes LOW, the “0” in the last control bit bubbles toward 
the memory input. OR goes HIGH as the new word arrives at the 
output. IR goes HIGH when “0” reaches input. 


so 


LHL 


IR OR 
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Read word “B” out, word “‘C’’ moves to output, and so on. 


si so 


———e LHe 


Read word “H’’. OR stays LOW because FIFO is empty. Word 
“H" remains in output until new word falls through. 
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INPUT TIMING SEQUENCE, Am3341/2841 AND Am2813 


SI is brought HIGH (1) causing internal strobe (2) which loads data. When data has been loaded, IR 
goes LOW (3) indicating data can be changed (4). SI may then be brought LOW (5) causing !R to return 
HIGH (6). 


PD OR SO 


EMPTY) 


OUTPUT TIMING SEQUENCE, Am3841/2841 AND Am2813 


Data out changes (1); then OR goes HIGH (2). When SO goes HIGH (3), OR goes LOW (4) indicating 
data is about to change. After SO goes LOW (5) the data actually changes (6) and after it is stable, OR 
goes HIGH again (7). 


Figure 5 
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OUTPUT READY 


The composite input ready indicates both devices are ready to receive data. The shift in pulse must be 
wide enough for all devices to load data under worst case conditions. 


Figure 6. 8 x 192 FIFO Buffer Using Am3341/2841 


CONTROL SIGNALS ON THE Am2812 Internally operation is like the Am3341/2841. The control 
The Am2812 is controlled exactly like the Am3341 and signals are slightly different, however, and there are some ad- 
Am2813, except that the input ready signal is inverted. ditional features. There is a paralfel load (PL) input, used to 


load an 8-bit word onto the first stage of the FIFO, and an in- 
put ready output (IR) which indicates that the FIFO is ready 
to receive a new data word. At the output, there is a dump 
command (PD), used to bring the next data word to the out- 
puts, and an output ready signal (OR) which indicates that 
good data is available on the data outputs. 


Data is loaded into the first FIFO location by a LOW-to-HIGH 
word is present at the output, OR (output ready) will be HIGH. 


PLORSL 


INTERNAL 
STROBE 


The next data word is shifted onto the outputs by a pulse on 
parallel dump (PD). When PD goes HIGH, the OR signal goes 
LOW, indicating that output data is about to be changed. When 
PD then goes LOW, the output data changes with the word be- 
hind the outputs moving onto the outputs. When the new out- 
put data has stabilized, OR will go HIGH indicating that good 
data is once again available on the FIFO outputs. If the PD 
pulse emptied the FIFO, then the OR signal will remain 
LOW and the Jast word read will remain on the outputs until a 
new data word falls through from the front of the FIFO. 


{HIGH IF 


Am2812 INPUT TIMING 
When data is steady, PL or SL is brought HIGH (1) causing internal data strobe to be generated (2). When 


data has been loaded, IR goes HIGH (3) and data may be changed (4). IR remains HIGH until PL is brought | 
LOW (5); then 1R goes LOW (6) indicating new data may be entered. 


PD OR SD 


Am2812 OUTPUT TIMING 


When data out is steady (1), OR goes HIGH (2). When PD or SD goes HIGH (3), OR goes LOW (4). When 
PD or SD goes LOW again (5), the output data changes (6) and OR returns HIGH (7). 


Figure 7. 


transition on PL when IR is LOW. (It is the coincidence of PL 
HIGH and IR LOW which results in the internal load strobe.) 
When the data has been entered the first control flip-flop sets, 
causing IR to go HIGH. When PL goes LOW again, the data in 
the front of the FIFO begins falling through the stack toward 
the output, and IR goes LOW as soon as it has moved to the 
second register. If the FIFO was filled to capacity when the 
data was loaded, then IR will stay HIGH; new data cannot be 
entered, and any additional shift in command will be ignored 
unti! TR goes LOW after some data has been removed from 
the FIFO. 

Data entered into the FIFO falls through the registers until it 
reaches either the output or another data word. When a data 


MASTER RESET 


A direct clear signal can be applied to the FIFO by a LOW logic 
level on the MR input. This will clear all the internal control 
register bits and will clear the data from the outputs. IR will 
go LOW indicating the FIFO is ready to receive new data. If 
the PL input is held HIGH when the MR returns to a HIGH 
state, then an internal input strobe will be generated, and 
whatever data ts on the inputs will be loaded into the FIFO. 
If this is not desired then PL should be held LOW at the end of 
the master reset. The master reset will cause OR to go LOW 
and remain LOW until new data falls through from the input. 


FLAG 


A flag output is available on the Am2812 and Am2873 to indi- 
cate whether the FIFO is more or less than half full. The flag 
signal is generated by summing the ‘’1s’’ in the control flip- 
flops, and therefore is not affected by the movement of data 
through the register. The flag signal goes HIGH when the 15th 
+1 (i.e., the 14th, 15th, or 16th) word is loaded into the FIFO. 
It will remain HIGH until there are less than 15 +1 words in 
the memory. It is always HIGH if there are more than 16 words 
in the FIFO. 


OUTPUT ENABLE 


The Am2812 and Am2813 data outputs are 3-state signals. 
When OE is HIGH, they will be in either a HIGH or LOW 
state; if OE is LOW, they will go to a high-impedance OFF 
state. Outputs of several FIFO buffers can then be tied to- 
gether onto a bus, and one of the buffers can be selected to 
drive the bus. When OE is LOW, the dump function (both SD 
and PD) is disabled. 


SERIAL INPUT AND OUTPUT (Am2812 ONLY) 


The Am2812 also has the ability to read or write serial bit 
streams, rather than 8-bit words. The device then works like 
a 256 by 1-bit FIFO. A serial data stream can be loaded into 
the device by using the SL clock input and applying data to 
Do input. Inputs D;- D7 must be grounded. The SL signal 
operates just like the PL input, causing IR to go HIGH and 
LOW as the bits are entered. The data is simply shifted across 
the 8-bit input register until 8 bits have been entered; the 
8 bits then fall through the register as though they had been 
loaded in parallel. 


A corresponding operation occurs on the output, with clock 
pulses on SD causing successive bits of data to appear on the 
O7 output. OR moves HIGH and LOW with SD exactly as 
it does with PD. When 8 bits have been shifted out, the next 
word appears at the output. [f a PD command is applied 
after the 8 bits on the outputs have been partially shifted out, 
the remainder of the word is dumped and a new 8-bit word is 
brought to the output. 


When one of the serial clocks is used, the corresponding parallel 
signal (PL or PD) should be grounded. 


EXPANSION OF THE Am2812 AND Am2813 


The input and output shift and ready signals have been designed 
so FIFOs can be directly connected end-to-end to make a 
longer (i.e., more words) buffer memory, as shown in the 
applications in Figures 10 and 11. Wider words can be stored 
by using independent FIFO stacks, side by side, like the 
Am3341s in Figure 6. When FIFOs are connected end to end, 
the total number of words that can be stored is (31n+1) 
not 32n. This is due to the fact that when an SI command 
loads the 32nd word into a FIFO, the TR output stays HIGH, 
and no PD pulse is applied to the adjacent up-stream FIFO. As 
a result the word just written into the FIFO is duplicated at 
the output of the previous FIFO. When at least one word is 
removed from the downstream FIFO, the IR signal goes LOW, 
causing the duplicated word to be dumped from the up-stream 
device. 


SYSTEM INTERFACING 


_Normally the input and output of a stack of FIFOs are inter- 


faced with TTL logic. A special interface circuit is used 
internally on the inputs of the AMD family of FIFOs to 
provide complete electrical compatibility with TTL outputs; 
no external components need be used. The circuit works by 
using an MOS transistor inside the chip as a pull-up resistor 
in the HIGH state. When the voltage applied to the input is 
LOW, the internal resistor is disabled and presents no loading 
to the TTL output. THE V-! characteristic of the input is 
shown in Figure 8. 
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Figure 8. Input Voltage Current Characteristics 


The logical interface between the FIFO inputs and the rest of 
the system must detect that all device inputs are.ready, and 
then supply a shift in command when new data is available. 
Normally this is rather simple, since most data transfer inter- 
faces contain a data strobe contro! and a not ready signal. 
Some caution must be exercised when a composite Input 
Ready signal for a parallel stack of FIFOs is formed. The 
inputs to the stack are ready to receive data only when PL is 
LOW and al! input ready signals are HIGH (LOW on the 
Am2812. Data can be removed from the inputs to the stack 
only when all input ready signals have gone LOW (HIGH on the 
Am2812). The easiest way to handle this situation is to detect 
only that all inputs are ready to receive data, and then insure 
that data remains as long as is required by the worst case speci- 
fication, rather than actually detecting that the data has been 
loaded into all devices. 


The data on the data inputs must be held steady for about a 
400ns period following the SI or PL LOW-to-HIGH transition. 
The internally generated data strobe will occur sometime during 
this period. The strobe will not occur, however, until at feast 
25ns after the SI transition. The rising SI signal may therefore 
also be a clock to a TTL register feeding the data inputs, as 
there is sufficient time available for the tpg of the register. 
However, it is preferable to change the input data on the falling 
edge of SI for additional timing margin in the system. 


At the output of the FIFO, the logic must detect that all 
outputs are ready, and then supply the dump command when 
the data has been received by the system. Again, these two 
kinds of signals are normally available in systems. 
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APPLICATIONS 


DATA OUT 


Am1489 


Am2812 
8 X 32 FIFO 
(2 IN SERIES) 


ASYNCHRONOUS 
RECEIVER 


READY 


cR INTERRUPT 
DECODER REQUEST 


CHARACTER BUFFER FOR TERMINAL 
RS-232 data from the data set is converted to parallel 8-bit ASCII characters by an asynchronous receiver 
chip. When each character is received it is placed in the FIFO buffer. The characters (up to 64) are stored 
until a carriage return character is detected. An interrupt is then generated to the processor, informing it 
that a data line is ready. 


Figure 9. Character Buffer for Terminal. 
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The Fullness Flags from Am2812 or Am2813 FIFOs can be encoded by an Am93L18 8-input priority 
encoder. The output code Fo-F2 indicates the weight of the highest priority input which is LOW. GS is 
group signal; it is HIGH if all the inputs are HIGH. 


Figure 10 


APPLICATIONS (Cont.) 


Am2812 Am2812 
8 X 32 FIFO 8X32 FIFO 


P t 
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ADDRESS 
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The serial 1/O of the Am2812 is used, with data clocked into the Dg input by CPyjy and clocked out of 
the Q7 output by CPoyrT. Since data stacks up at the output end, the shift register appears to have a length 
corresponding to the number of words stored. For a 327-bit shift register, for example, it should be 
initialized with 327 O’s. Data may then be entered or recirculated and the MOD 327 counter can be used 
to indicate the “‘address’”’ of the current bit. A parallel transfer between devices is used. 


Figure 11. N-Bit Shift Register, N = 8 to 512. 
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Zz 
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8 INPUT 


(8 LINES)]| MULTIPLEXER 
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FLIP-FLOP 


The combination of the counters and multiplexers act as a key encoder on the key matrix. A closure will 
produce a HIGH on the multiplexer output Z when the appropriate switch is scanned. The HIGH is stored 
in a flip-flop to provide a shift-in command to the FIFO one clock period wide. The flip-flop is clocked on 
the falling clock edge to insure the count is stable during the shift-in pulse. 


Figure 12. Storage of Switch or Key Closures. 
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APPLICATIONS OF 
DYNAMIC SHIFT REGISTERS 


By John Springer, Digital Applications 


INTRODUCTION 


MOS technology has several characteristics that make it ideal 
for data storage. Because MOS structures are small, relative to 
bipolar devices, a large number of bits can be stored on a small 
chip. Additionally, MOS devices exhibit high impedances that 
make it possible to store data on small parasitic capacitors 
rather than in normal cross-coupled transistor pairs. Using 
capacitive storage techniques has the effect of further increas- 
ing the number of bits that can be stored in a given area, 
because the number of MOS devices needed per bit is reduced. 
Circuits that store data on capacitive nodes are called 
“dynamic” because they depend on continual refreshing of 
the stored charge to maintain its integrity. tn random access 
memories this refreshing is usually accomplished by reading 
and re-writing the data back into the same storage nodes 
through some internal refresh circuitry. In dynamic shift 
registers refreshing is accomplished by simply shifting the 
register, so that the stored data is ‘‘read’’ from one bit and 
written into the next one. Dynamic storage introduces a new 
constraint on operation of a shift register in that there is not 


only a maximum operating frequency due to normal propa- 
gation delays, but also a minimum operating frequency defined 
by the maximum time that can elapse between refresh opera- 
tions. This application note deals with the series of dynamic 
MOS shift registers in Table |. 


Table 1 
Maximum Data Rate 


Am1402A 
Am1403A 
Am1404A 


4 X 256 
2X 512 
1024 


Am1405A 512 
Am2802 


4 X 256 
Am2803 2X512 
Am2804 1024 
Am2805 512 
Am2806 1024 
Am2807 512 
Am2808 1024 


© © 
4 2° 
D 1024 BITS ; Do 


Am1404A/2804 


() se 
4 $2 
D, 512 BITS Do 
ae 
4 2 
D, 512 BITS Do 


AM1403A/2803 


© 
o, = 2 
D 256 BITS Do 


o1 $2 
D 256 BITS Do 


oy 2 
D 256 BITS Do 


o1 2 
D 256 BITS Do 


Am1402A/2802 


512/1024 BITS OUT 


Am2805/6 


512/1024 BITS OUT 


Am2807/8 


Figure 1. Advanced Micro Devices Dynamic Shift Registers 


DYNAMIC SHIFT REGISTER CIRCUIT 


In dynamic shift registers data storage occurs entirely on 
capacitive nodes. The circuit used for each bit of the registers 
is shown in Figure 2. Each cell consists of two storage nodes, 
which may be designated the master and the slave. There are 
two clock lines fed to each cell; one clock causes data on the 
input to be fed into the master storage node and the other 
causes data stored on the master node to be shifted into the 
slave. The output of the slave feeds the master input to the 
next cell. The two storage nodes, alternately activated, provide 
the escapement mechanism used in all types of dual rank 
flip-flops to prevent data from feeding straight through from 
the input to the output. 


éy (MASTER CLOCK} 
O 


dg (SLAVE CLOCK) 
© 


The master and the slave in the cet! each consist of three 
transistors, which may be designated as the input transistor 
(Qy1, Qy2), the load transistor (QL7, QL) and the transfer 
gate (Q71,QT2). Each of these transistors behaves like an 
open circuit when its gate is at a HIGH logic level and like a 
closed switch or resistor (the impedance depends on the geo- 
metry of the device) when its gate is at a LOW logic level. 
The gate input impedance is very high, on the order of 1018 
ohms, so virtually no current flows into the gate. 


The dynamic operation of the circuits is illustrated in Figure 3. 
When both clocks are HIGH the load and transfer gates are off, 
and no current flows in the circuit. The data on the input 
turns the input transistor on or off. When the master clock 
goes LOW, the load transistor turns on and serves as a 
load resistor of about 200k ohms for the input device, estab- 
lishing a level near Voc or near Vpp (depending on the state 
of the input transistor) at point JM. At the same time the 


_ transfer gate, QT1, turns on, allowing current to travel onto 


or off of the parasitic storage capacitor, so that the voltage 
on the capacitor is the same as the voltage at point JM. When 
the master clock goes HIGH, the transfer gate shuts off and 
the stored level is trapped on the capacitor. The load transistor 
also shuts off so that power is no longer dissipated through 
the input transistor. At some time later the slave clock goes 
LOW and the identical process occurs in the slave half of 
the cell. When the charge is stored at the output of the slave 
it is also at the input to the master of the next cell, so a shift 
of one bit in the register is accomplished by applying a master 
clock and then a slave clock. Note that power in the register 
is consumed only when one of the two clocks is LOW. 


The mode of operation described above is typical for all 
dynamic two-phase shift registers. A disadvantage of the two- 
phase operation is that two clock pulses are needed for each 
shift of the register. The demanding requirements on the 


Figure 3. Voltages in Cell of Fig. 2 During Shift of a HIGH and a LOW 
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Since the two registers shift on opposite clock 
pulses, a new data bit is entered on both $4 and 
$2. Data entering the register on $4 will appear 
at the output on $4 (from the negative edge of 
$4 to the negative edge of 9). ; 


Figure 4. Functional Equivalent of Am1402/3/4A and Am2802/3/4 — 


clock signals (pulse width, voltage levels and speed) limit 


’ the data rate through the register to about 2 to 3 MHz 
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generally. It is possible, however, to alter the register con- 
figuration slightly to double the data rate through it. 


In the Am1402/3/4A and Am2802/3/4 a data shift occurs on 
every clock pulse rather than on every pair of clock pulses. 
This is accomplished by multiplexing two registers onto the 
same input and output lines, as shown in Figure 4. The “odd” 
numbered bits are stored in one register and the “‘even’”’ bits 
in the other. The master clock of one is tied to the slave clock 
of the other and vice-versa. Clock $1 acts as a master clock 
to the odd register, shifting data on the data input into the 
master of flip-flop 1. The same clock acts as the slave to 
the even register, shifting data into the output of the last 
flip-flop. From the last flip-flop it is fed to a dynamic output 
multiplexer modeled in Fig. 4 as a pair of ORed latches so that 
it will appear on the output pin when $2 occurs. The output 
multiplexer acts like an extra 1/2 bit of register, so that the 
data entering the odd register during #1 will leave the multi- 
plexer N pulses later, also during $1. Similarly data entering 
the register during #2 will appear on the output during ¢2. 


The data rate through the dynamic multiplexed register is 
twice the frequency of either of the clock inputs $1 or $2, so 
for a given clock frequency and using basically the same cell, 
the data rate is doubled over the normal two-phase register. 


CLOCK TIMING IN THE REGISTERS 


There are two constraints on clock timing imposed by the 
dynamic storage medium. First, the clock must be LOW long 
enough to fully charge or discharge the storage capacitor. The 
capacitor is approximately 0.1 pf and it is charged through 
the series resistance of the transfer gate (about 40k92) and 
either the load transistor or the input transistor. Figure 5 
shows the charge on the capacitor as a function of clock 
LOW time, assuming charging begins when the clock reaches 
about -10V. The LOW-to-HIGH charging occurs more rapidly 
because the impedance of the input gate is much less than the 
impedance of the load transistor. These are nominal curves 


and a guardband must be allowed for tolerances on the 
resistors and capacitor. 


In between clocks the charge stored on the capacitor will 
slowly leak away due to PN junction leakage. If too much time 
elapses between clocks a stored negative level may decay so 
much that it cannot turn on the next input gate completely,. 
so that during the next clock the stored level will appear to 
be a HIGH instead of a LOW, resulting in inversion of the data. 
The maximum time that the clocks can be stopped, or remain 
in the HIGH state, is a complex function of several parameters. 
It is principally affected by the temperature of the die inside 
the package, becoming shorter as the die gets hotter. The 
three curves in figures 6A, 6B and 6C can be used to determine 
the nominal maximum clock HIGH time. When the devices 
are operated in a “‘burst’’ mode, then the die temperature is 
governed by the greater of the two duty cycles. Again a 
guardband must be added as these curves assume typical device | 
parameters. The calculations used for the curves are shown 
in the box. 


tgL(ns) 


Figure 5. Charge on Storage Capacitor Versus 
Clock LOW Time (Vg_ = <-10V) 
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Figure 6C. 


Note: These are theoretical typical curves and should not be used as guaranteed limits. 


CALCULATION OF MAXIMUM CLOCK HIGH TIME 


The maximum clock HIGH time is the time required for the 
charge on the capacitor to decay from its full value of -10V 
to a level at which it will be incorrectly read by the next stage 
input. This level is about OV so a loss of 5V on the capacitor 
can be tolerated. The charge on the capacitor escapes through 
junction leakage, which, for these registers, is about 0.1 pA 
at 25°C. The leakage current doubles for every 10° rise in 
junction temperature. The capacitor is about 0.1 pF in value. 


=: where i is leakage current and C is 0.1 pF 


where tgy = maximum clock HIGH time 
Neak in pA 


leak ~ 0:1 2k 


-25°C 
10 


Tjune 


where k = because leakage doubles every 10° 


Tjunc = Tat 9), x power diss., 
where Gia is junction to ambient temperature 


6. = vee for Metal can 
Ja \105°C/Watt for 16 lead DIP (1402A/2802) 


APPLICATIONS OF THE REGISTERS 


1. Clock Driving 


Numerous circuits are available for clock drivers for these 
registers. The clock HIGH fevel is 5 volts and the LOW level 
is -12 volts. The sophistication required in the clock driver 
depends on how rapidly the registers are to be driven. At 
low data rates the clock can be generated by simply driving 
a TTL clock signal into a PNP transistor with a pull down 
resistor (Figure 7). Of course this is not suitable for driving 
very large loads, or small loads at high speed, because of the 
slow fall time on the clock. Most often a monolithic driver 
such as the MHO026 is adequate. For very high speed oper- 
ation, up to 10 MHz with the Am2802/3/4, a good hybrid 


power dissipation is directly porportiona!l to clock duty 
cycle (clock LOW time divided by total clock period). 


power = 1.2 x duty cycle (Vpp= —5V,Vss = +5V) 


T, + Ojq (1.2 x DC) -25 


ileak = 0.1 x 2k where k = = 


toy max = 5 
Q@H 2k 
For TO-5 can (Am1403A and 1404A): 
log (tg) = 1.45 -0.03T, ~6.45DC 


For DIP package 
log (tgy) = 1.45 -0.03T, -3.78DC 


Note that for small duty cycles the clock high time depends 
only on ambient temperature. 


driver or a discrete push-pull driver should be used. The rise 


and fall times of the clock signal can be controlled with a 
series resistor in the clock line. 


A very important consideration in the clock driver is that 
the clock signal to the register MUST NEVER EXCEED 
Vsg + 0.3V! If the clock voltage rises higher than this, unde- 
sired PNP transistors are formed on the MOS chip, discharging . 
the storage capacitors and possibly permanently damaging the 
register. To guard against overshoot on the clock lines, a 
germanium (not silicon) switching diode should be used to 
clamp the clocks to Vgg. For long clock traces on PC boards, 
it may be necessary to consider transmission line effects also, 
and backmatch the clock lines with a series resistor at the 
driver. 


Vec = Vss = +5V 
© 


OPEN 
COLLECTOR 


@ (TTL $ (TTL) 


Figure 7. Simple Clock Driver 


2. TTL Interfacing 


The inputs and outputs of these registers are, except for the 
clock lines, compatible with TTL logic levels, although it is 
necessary to add some resistors. The input threshold is 2 volts 
below Vcc, higher than a normal TTL Voy, so a pull-up 
resistor must be used on the TTL output to establish the 
higher logic level. DTL, which has an internal resistor pull-up, 
does not require the extra resistor. 


The output of the registers are open drain transistors whose 
sources are connected toVcc. This output transistor has an 
impedance of about 1,000 ohms, and will establish the HIGH 
level on the output, but an external pull-down resistor must be 
connected between the output and Vpp to establish the LOW 
level. This is true whether the output is driving TTL or another 
MOS input. The pull-down resistor must be small enough to 
sink 1.6 mA (one TTL load) and maintain 0.4V at the TTL 
input and large enough that the MOS output can supply 
current to the resistor and still hold the output at 2.4V. A 
3k ohm resistor to —5 volts will suit most applications as 
shown in Figure 8. 


Vcc Vcc 
Am1402A/3A/4A Am1402A/3A/4A 
OUT IN OUT 


OTLTTL $1 $2 VoD 


3. Register Output to Register Input Interfacing 


A frequent application of the Am1402/3/4 and Am2802/3/4 is 
for serial storage of data which is updated from time to time. 
In this application several registers are connected end-to-end 
to provide the required storage capacity and the output of the 
last register is tied back to the input of the first register through 
a two-input multiplexer so that either the data output or some 
new data can be written into the first location. Such a system 
is iNustrated in Figure 9. 


When the registers are used in this fashion, some timing con- 
straints must be observed. The output of the register switches 
state following the falling edge of the clock (either #1 or ¢2). 
The data remains stable until the falling edge of the next 
clock. The input accepts data just prior to the rising edge of 
the clock. When the output of one register is connected to 
the input of another register (or to its own input via a multi- 
plexer) the data appearing on the output is written into the 
input during the same clock LOW time. This is different from 
TTL, in which the output of one register is written into the 
input of the next on the next clock edge. Because the data is 
transferred during the clock LOW time, the LOW time must be 
at least equal to the propagation delay (clock-to-output) plus 
the set-up time at the input. The sum of these times is sub- 
stantially longer than the minimum clock pulse width so that 
when register output is tied to a register input the minimum 
clock pulse width must be lengthened. 


If the registers must be operated at very high speed, then the 
clock LOW time must be as short as possible, and the require- 
ment that data transfer occur during the LOW time may not 
be acceptable. In this case a TTL flip-flop can be used between 
registers to act as a single bit fast interface. The TTL flip-flop 
is clocked on the falling edge of both $1 and $2 so that in 
each case it stores the data brought to the MOS output on the 
previous clock. The same falling edge that clocks the TTL 
flip-flop is the start of the clock LOW period during which the 
data in the TTL flip-flop is written into the first bit of the 
next MOS register. While this scheme solves the speed problem, 
it introduces an extra bit of delay in the register string. See 
Figure 10. 
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Figure 8. DTL/TTL to MOS to DTL/TTL Interface 
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Figure 9.. Recirculating Register. Data-out Changes Following Clock HIGH-to-LOW Transition and is Written 
Into Input During the Same Clock LOW Time. 
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Figure 10. TTL Flip-Flop Acts as High Speed Interface Between Registers, Allowing Use of Short Clock Pulses, 
But Also Introduces an Extra Bit of Delay 
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Figure 11. Functional Diagram of Am2805/6/7/8 


4. Register Systems Using the Am2805/6/7/8 


The Am2805/6/7/8 512 and 1024-bit registers are not 
internally multiplexed, but require a pair of clock pulses to 
product a shift of one bit. These registers also have recircula- 
tion logic built-in under control of a write input (W). When 
the write input is HIGH, data on the input enters the register 
during ¢2, the master clock. When the write input is LOW, 
the data at the output of the last bit is written into the first 
bit instead. The functional diagram is shown in Figure 11. A 
read contro!, R, gates the output through an open drain AND 
gate, so that the outputs of several registers can be ORed 
together and one register selected. The Am2805 and Am2806 
also have a two-input chip select gate; both inputs must be 
HIGH in order to write into or read from the register. If 
either chip select input is LOW, the register recirculates. 


Note that the write and read gating is activated by the appro- 
priate clock phase. This is done not for dynamic storage 
purposes but rather to conserve power; no power is dissipated 
in the input if 62 is HIGH and no power is dissipated in the 
output if d7 is HIGH. Dynamic storage does occur in the 


TTL CLOCK 


Am9602 


output gating, with the transfer gate activated when $1 is LOW 
and the read control is HIGH. Data will appear on the output 
100 ns after 61 goes LOW and read goes HIGH. Data will be 
stored dynamically in the output stage until the next $1 
provided that read remains HIGH until the end of the clock 
LOW time. !f read goes LOW before #1 goes HIGH the output 
will turn off. 


In large register systems, many Am2805/6/7/8 registers can 
be connected in parallel and the desired register addressed 
through the chip select and/or the read and write controls. 
When many register outputs are connected together the 
capacitance on the output is increased and care must be taken 
to insure that the 1,000 ohm output device can fully charge 
the line. 


For higher speed operation, pairs of these registers can be 
connected in parallel in a multiplexed mode, like the internal 
configuration in the Am1402/3/4. The inputs and outputs are 
tied together and the clocks are reversed between the two 
devices. A flip-flop toggled on each clock pulse can be used 
to alternate control between the two MOS registers as shown 
in Figure 12. 


R 


OUT 


Am2808 
1024-BIT SHIFT REGISTER 


$4 2 


Am2808 
1024-BIT SHIFT REGISTER 


1 2 


AmMHO026C 
CLOCK 
DRIVERS 


DUAL ONE-SHOT 


Figure 12. 


Multiplexed Am2048 Bit Recirculating Register fa, = 6 MHz 


A RANDOM-PATTERN GENERATOR 
FOR TESTING 
DIGITAL DELAY ELEMENTS 


By John Springer, Digital Applications 


Shift registers can be tested simply with the use of a linear 
feedback shift register for pseudo-random bit pattern generation. 


The most fundamental test that has to be applied 
to a digital delay element like a shift register, is to 
insure that it stores data correctly for the proper 
length of time. To perform this test, one should 
apply a sequence of bits to the input and, after a 
delay of n bits, that same sequence should appear 
at the output. Fig. 1 illustrates a general scheme. 

There are several possible ways to construct 
such a system. If the pattern is an infinite string of 
1s or Os, then the whole thing is trivial. Alternating 
1s and Os, or any other pattern for which the cycle 
length of the pattern divides the length of the 
register evenly, require no extra delay element 
since the output at any given time is the same as 
the input at the same time. For example, if the 
register is 256 bits long and the pattern is a 16-bit 
sequence, then the register will contain 16 full 
sequences and the bit on the output will be the 
same as the bit going into the input. 

A good test pattern for a register is a pseudo- 
random sequence of bits formed by a Linear 
Feedback Shift Register (LFSR). The LFSR can be 
built easily from MSI devices, and will generate 
long sequences of apparently random 1s and 0s. 
An n-bit LFSR can always be designed to go 
through 2"-1 states before repeating, and the 
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Fig. 1—General scheme for testing shift registers applies a 
sequence of bits to the input. After a delay of n bits, the same 
sequence should appear at the output. 


serial output from the register will contain all 
possible sequences of n bits except one (usually 
all Os). A significant advantage of the LFSR is that it 
is possible to generate combinationally the out- 
put sequence shifted in time by any number of 
bits, obviating the extra delay element in the 
tester. 

Fig. 2 illustrates a 4-bit LFSR. An LFSR is formed 
by feeding the input to the register with the 
exclusive-OR of some of the register outputs. 
This particular register, whose input is the EX-OR 
of the first and last bits, will produce two loops or 
cycle sets. One is the persistent state of all Os, and 


x° = OUTPUT 


Fig. 2--Linear Feedback Shift Register and MSI equivalent. (x) is the characteristic polynomial for this register. 
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RUN SYNDIV 
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DIM F140) -R(40).T(10) 
wi 
eur fuleen | IS THE LENGTH OF THE GENERATING REGISTER’: 


fFT=N-1 ey | 900 ‘END OF CYCLE 
FOR1 =F1+2T 
HB ai = Ril) THEN 430 

ly = 


‘Pos N 
oe paid ARE THE FeeRenGn TAPS (t = FIRST STAGE, ";N;” = LAST. 


AT“:N tS ASSUM 

PRINT“ AYPEN 0 TO STOP” 

pur 1 

INPUT Q 

iF Q - 0 THEN 60 
7 a "ERROR: THERE may BE AT LEAST ONE OTHER TAP.” 
ropes ie) THEN 100 
INPUT ¢ Q 


GO TO 60 
PRINT "FOR WHAT DELAYS ARE YOU SOLVING (TYPE 0 TO STOP)” 


ds a 

INPUT 

1F. Th) = 0 THEN 200 

IE J = 1 THEN 150 
TJ): Th = 1 


IF THEN 150 
PRINT * “ERROR: OLUTIONS MUST BE IN ASCENDING ORDER. BEGIN AGAIN.” 


J=0 

“GO TO 100 
iF-1(J) = N THEN 1 
PRINT “ERROR: THIS DELAY IS TRIVIAL. REENTER-” 
GO TO 120 


120 

AF T(J) M THEN 

PRINT “ERROR; DELAY 1S GREATER THAN MAXIMUM CYCLE LENGTH.” 
120 


NEXT:I : 
“iF-F1= N THEN 950 ’REMAINDER 1S ZERO 


the other is a loop of 2"- 1 = 15 states. 
Qo QI @ @ 


ooor7rnocooe, se ono a= a= aS a 
oO oojrpr oon BO HBP Oo a a a AO 
Co COFCo OA A OoORpPOoOaB mao oO 
fo) “AoOoorprsroronravnAranodcnsd 


pir THEN 809 
PRINT USING * "BITS: 
FOR C1=1TON 
IF CW/5 «< an ene THEN 807 
PRIN USING * “C1; 
NEXT C1 
PRINT USING “" 
PRINT “TAPS FOR DELAY OF.” :T(K 
IF F1 = 0 THE . jane ‘NO LEADING Ss 
FOR Lb = 7 TON 


NT” 1"; \ 

N=), THEN 881 ‘NO REMAINDER AFTER 1 
Ss to} - . 

PRINT RiL): 

NEXT L 

PRINT 

PRINT 

IF. K.= J THEN 999 

K=K+1 
RETURN 
PRINT “END OF CYCLE ENCOUNTERED AFTER “:P:". STATES.” 


PRINT “CHECK: REGISTER TAP CONNECTIONS; this 1S NOT. 
A MAXIMAL LENGTH REGISTER.” 


GO TO 999 : 
PRINT “ERROR; REMAINDER IS ZERO, P. = ",P 
STOP = 


Fig. 3—BASIC program gives tap connections for up to 10 different delays for a register of up to 40 bits. 


The output of the register is Q3, a 15-bit cycle 
of 1s and Os. An LFSR is described mathematically 
by a characteristic polynomial as shown in Fig. 2. 
The output of the register is labeled x°. The next 
to the last bit is x! and so on. The exponent 
indicates the delay between a given register posi- 
tion and the LFSR output. Location x? is advanced 
by 3 time periods from the output x°. 

The characteristic polynomial is derived from 
the equation of the feedback, using modulo 2 
addition. For the example in Fig. 2, the LFSR 
input, which is delayed four bits from the output, 
is labeled x?*. 


xt = x? + x® (+ is modulo 2 addition, 
or EX- OR) 
xt = x3 +1 
xt'+x3+1=0 
(x) = x? + x? + 1 characteristic polynomial 


LFSR 
WITH FEEDBACK 


PARITY GENERATOR 


n-BIT DELAY 


DEVICE UNDER 
TEST 


Fig. 4—General tester using LFSR for pattern generation and 
parity checker for producing advanced pattern. 


A property of LFSRs is that exclusive-ORing any 
group of register outputs together will produce 
the same bit sequence as the output but shifted in 
time. The first four shifts of time are directly 
available at x!, x, x* and x‘. Any other time shift 
can be obtained by EX-ORing the appropriate 
signals x°® — x’. 

Determining which outputs to EX-OR requires a 
polynomial division. If n is the number of time 
periods to be shifted, then 


x" =Q R 
(x) * $e) 


When the characteristic polynomial is divided 
into X" the quotient Q is of no interest, but the 
remainder R indicates the register bits to be 
.EX-ORed to obtain the time shift of n. The arith- 
metic can be performed by synthetic mod 2 
division. 

Suppose that for the 4-bit register used in the 
example, we want a signal that is the output 
stream advanced by nine time periods (same as 
delayed by six periods, since the cycle repeats 
every 15 states). 


d(x) = xt+ x®+1=11001 
=1000000000 


x 
© 
| 


111101 
11001 J1000000000 
11001 
10010 
11001 
10110 
11001 
11110 


The remainder is 101 = x? + 1. This indicates 
that the last bit and the second from the last bits 
should be EX-ORed. For a starting state of 1000: 

x? = 000111101011001 000111101011001 ... 


delay of 9 

x® + x? = 011001000111101 011001000111101 . . . 

The synthetic division can be performed fairly 
easily on a computer. Fig. 3 is a program written 
in Computer Science Corp.’s BASIC that gives tap 
connections for up to 10 different delays for a 
register of up to 40 bits (these limits are set only 
by the DIMENSION statement 10). The program 
generally costs less than 50¢ to run on-line. Table 
1 lists tap connections for some common long 
shift registers using a 20-bit LFSR with (x) = x°° + 
x + 1 (input is EX-OR of the last two bits). 


Table 1 
ADVANCE SEQUENCE BY EX-OR BITS 
128 6, 8, 10, 12 
256 4, 11, 12, 15, 16, 19, 20 
512 2, 4, 7,8, 10, 12, 18, 20 
1024 3, 7,8, 13, 14, 15, 19 


The appropriate bits can be EX-ORed using an 
MSI parity generator/checker such as the 9348 (12 
input) or the 74180 (8 input). The resulting 
scheme is shown in Fig. 4. 3 
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The Am25S05, Am2505 and Am25L05 Schottky, Standard and 


Low Power TTL 2’s Complement Digital Multipliers 


By John R. Mick 


INTRODUCTION 


This application note is an updated and expanded version of 


’ the “A 2's complement Digital Multiplier — the Am2505” 


application note by R.C. Ghest, published in November, 1971. 
The device is now available in three technologies. The Am25S05 
is avery high speed 2’s complement multiplier built using ad- 
vanced Schottky technology. The Am2505 is a standard power 
MSI element for medium speed applications. The Am25L05 is 
a low-power MSI circuit for slower speed applications. 


The Am25S05, Am2505, and Am25L05 can be used in 
iterative arrays to perform multiplication of 2’s complement 
numbers with a minimum of hardware. The new Am25S05 
provides the capability to perform very high speed direct hard- 
ware multiplications and is especially suited for real-time 
digital processing applications. These devices will find applica- 
tions in minicomputers, recursive or non-recursive digital 
filters, Fast Fourier Transform processors, adaptive digital 
integrators and many other digital implementations of special 
arithmetic algorithms. 


At the present time, digital machines perform multiplication 
using either serial techniques, serial-parallel techniques, or all- 
parallel techniques. The multiplication speeds can be very slow 
to very fast depending on the exact hardware implementation 
used and the hardware constraints imposed. The Am25S05, 
Am2505, and Am25L05 are particularly suited for either all 
parallel multiplication or serial-parallel multiplication. 


MULTIPLICATION DEFINITION 


According to Webster’s Dictionary, multiplication is ‘’a math- 
ematical operation that at its simplest is an abbreviated proc- 
ess of adding an integer to itself a specified number of times 
and that is extended to other numbers in accordance with laws 


that are valid for integers.” This definition is particularly 
appropriate for binary numbers in that all hardware binary 
multiplication schemes make an “add” or “no-add” decision 
and maintain the “weighting” rules of binary numbers. The 
two numbers involved in the operation are usually called the 
multiplicand (the number to be multiplied) and the multiplier 
(the number that multiplies) with the result being called the 
product (later in this application note the partial products or 
partial sums will be important). 

Binary multiplication is performed as in the following four 
digit example. The terms X and Y are: 


X = x9(20) + x4(24) + x9(22) + x3(23) 
X = xg(1) + x4(2) + x9(4) + x3(8) 
Y = Yo(1) + y4(2) + vol4) + v3(8) 


value for i = 


Agee 


where x; and yj; can assume a “0” or 
0, 1,2 or 3. 


If X is the multiplicand and Y is the multiplier, the product S 
of X°Y is 


S = X* ¥ = yolt) [xg(t) + x4(2) + x9(4) + x3(8)) 
+ y4(2) [xg(1) + x4(2) + xg(4) + x3(8)] 
+ yol4) [xg(1) + x4(2) + x9(4) + x3(8)] 
+ ¥3(8) [xp(1) + x4(2) + x9(4) + x3(8)] 


In the above example, it can be seen that three additions are 
required to generate the product S of X-Y; the first two of 
these are usually called partial products or partial sums. In 
order to examine the weighting of the binary numbers in the 
above example, the complete partial product solution is shown 
in Figure 1 and the weights of the x terms and y terms have 
been combined. 


Multiplicand — xg (8) + xy (4) + x4 (2) + xg (1) 
Multiplier v3 (8) + yo (4) + vq (2) + vg lt) 


X3Y4 (16) 


Carry (32) 


Carry (64) + Psg (32) 
x3¥3 (64) + = x9vg (32) 


Psq (16) 
X1Y¥3 (16) 


($7(128) + sg(64) + $5,(32) s4(16) 


X3VQ (8) + X2Y9 (4) 


+ X1¥Q (2) + Xo¥gQ(1) 
+ XQVq (2) 


Ps3 (8) + Pso (4) 


+ Psy (2) + Psq (1) 


Ps3 (8) 


Psp (4) + Psy (2) + Psg (t) 


$3(8) s9(4) s4(2) + sot) 


Figure 1. Multiplication of Two Unsigned 4-bit Numbers X and Y 


The s7(128) ‘term represents the carry out of the final sum- 
mation. As is seen, the multiplication of two 4-bit unsigned 
words results in an 8-bit product. This can be extended to a 
general statement; that is, the multiplication of a m-bit un- 
signed number with a n-bit unsigned number gives am +n bit 
resultant unsigned product. This number may be truncated of 
course and rules will be given later for determining the result- 
ing accuracy when the hardware is being reduced. 


It should be recognized that the product terms associated with 
Yo and y1 can be added in one adder and the product terms 
associated with yo and y3 can be added in a second adder at 
the same time; thereby giving two partial products after one 
adder propagation delay time. These two partial sums can then 
be added in a third adder to give the resultant product of 
the multiplication. 


One technique for reducing multiplication time that is pres- 
‘ ently being used in serial and serial-parallel multipliers is to 
ignore addition when the multiplier bit is a logic ‘’0."" When 
this is done the number of terms to be added is equal to the 
number of 1’s in the multiplier word. This method can be ex- 
tended in such a way that strings of 1’s can also be ignored— 
this leads to an important new technique for performing high 
speed multiplication. This technique will be discussed in 
greater detail later. 


Two’s Complement 


Decimal 
Number 


0 
0 
0) 
0 
QO. 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
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Full Definition of a 4-bit Two’s Complement 
Binary Number 


Figure 2. 


TWO’'S COMPLEMENT NOTATION 


This section is presented as a quick review of the two’s com- 
plement numbering system and is intended to give insight for’ 
the designer not familiar with two’s complement notation. The 
two’s complement numbering system is a technique for de- 
scribing positive and negative numbers in a convenient no- 
tation. When contrasted with other numbering systems such 
as sign-magnitude and one’s complement, it has the advantage 
of only having one representation for the number “‘zero.”” Also, 
two's complement numbers can be added or subtracted with- 


- out concern for the sign of each number as the result will be 


correct in two’s complement notation. 


In 2's complement notation, the sign bit is a logical ‘“‘O” for 
positive numbers and a logical ‘’1"’ for negative numbers. Four 
bits may be used to represent the numbers +7 to —8 as shown 
in Figure 2. Notice that the sign bit does carry magnitude 
information that has a negative value. 


From this example, it is readily apparent that the magnitude of 
the negative numbers is not represented by its associated 
magnitude bits if the sign bit is ignored as is the case for the 
positive numbers. One way to find the absolute magnitude of 
a negative 2’s complement number is to invert all bits and 
add plus binary one as in the example below: 


Negative 2’s complement number 


1011 

0100 Inverted 
+0001 One Added 

0101 Result 


From this example, it is seen that the magnitude of this 
negative numbers is five. 


Likewise, to form a negative 2's complement number, the 
positive representation is taken, inverted, and plus binary one 
is added as shown. 


Positive number +3 


Binary representation 0011 
Inverted 1100 
One added +0001 
Minus three in two’s complement 1101 


The advantage of two’s complement in many computers and 
digital processors is that addition and subtraction can be per- 
formed without regard to whether the numbers being added or 
subtracted are positive or negative. Examples of addition are 
shown in Figure 3. Note that overflows are discarded. 


0001 0001 1110 
0101 1111 


0110 (1) 0000 


0110 
(1).0100 


0110 1010 1110 
1110 0011 1101 
(1) 0100 1101 (1) 1011 


Figure 3. Examples of Two’s Complement Addition 
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Subtraction is much like addition except that the number . 


being subtracted (subtrahend) must be inverted and have one 
added to its value. It is then added to the minuend. This ad- 
dition of +1 represents no problem in the hardware because 
the carry in (c,,) of the least significant adder can be used for 
this purpose — not an additional adder. Figure 4 shows 
examples of subtraction. 


0001 +1 
0101 +5 


1110 —2 
0110 +6 


1110-2 
1101 -—3 


1010 —6 
1101 —3 


Minuend 
Subtrahend 


Minuend 0001 1110 1110 1010 
Inverted Subtrahend 1010 1001 0010 0010 


Add 1011 0111 0000 1100 
Add One 0001 0001 0001 0001 


Result (Binary) 1100 1000 0001 1101 
Result (Decimal) -4 -8 +1 —3 


Figure 4. Examples of Two’s Complement Subtraction. 


- From these examples, one might conclude that multiplication 


is simply the product of one 2’s complement number with the 
other. Unfortunately, this is not correct for negative numbers. 
One obvious technique for multiplication in which negative 
numbers are represented by 2’s complements is to determine 
the signs and magnitudes of the operands, multiply the 
magnitudes, and then if the result is negative, cast the result 
into 2's complement form. It seems preferable, however, to 
devise a scheme for multiplying such numbers more simply. 
Booth’s method will be considered for this purpose. 


BOOTH’S ALGORITHM 


In the usual methods of digital multiplication, the multiplier 
digits are examined in turn and when the multiplier digit is a 
logical ‘’1,'’ the multiplicand is added to the running partial 
sum in the appropriate weight. For each multiplier digit, there 
is a relative one-digit shift between the multiplicand and partial 
sum whether there has been an addition or not. Booth’s 
algorithm provides a too! whereby. more than one shift at a 
time may be made, depending on the grouping of strings of 
logic 1’s or logic 0’s. This multiple shifting ability may be used 
to “‘speed up”’ the multiplication process. 


The basic algorithm as developed by Booth is as follows: y; is 
the i-th most significant bit of an n-bit multiplier representa- 


tion. y_4 is zero. yg is the least significant bit. y,;_4 is the 


sign bit. X is the multiplicand. 
Starting with i = 0, yj and y;_ 4 are compared: 
1.) If yj = yj_4; add OX. 
2.) If yj = 1 and Yj—1 = 9; subtract 1X (the multi- 
plicand) from the partial product. (Add the 2’s com- 
plement). 


3.) If yj = O and yj_4 = 1; add 1X to the partial product. 


Two examples of these rules are shown in Figure 5. 


Example 2: 


Figure 5. Examples of Booth’s algorithm for two’s com- 
plement multiplication 


Based on these rules as developed by Booth, it is a straight 
forward process to make a table of desired action for each of 
the four possible two-bit combinations under inspection. This 
is shown below. K is the partial product before this level of the 
algorithm and is Zero initially. 


Table of Operation for Booth’s Algorithm 


Do nothing 
AddX _ 
Subtract X 
Do nothing 


‘Partial Product 


K+X 


- oO — 


As stated earlier, one of the initial goals is to develop an 
algorithm that provides the ability to look ahead more than 
one bit at a time. Therefore, the above table for one multiplier 
bit yj is expanded to Table | for two multiplier bits, yj 


and yj+4- 


TABLE | — BOOTH’S ALGORITHM FOR TWO MULTI- 
PLIER BITS TAKEN SIMULTANEOUSLY. 
Input For For Net Result 
Yi-1 Vi “Vit | -Vi-1-- Vi Vie Vit | Yi-t+ Vie Yi+1 
K+0 
0 


From Table | for two multiplier bits, the following con- 
clusions can be drawn: 


1.) The y;44 bit can be used as an add/subtract control 
where logic “0” is add and logic “1” is subtract. 

2.) The function Yj-1 ® yj can be used as a X weight 
control indicating the addition or subtraction of X 
to the partial product K. 

3.) The function yj_1 yj Vj+1 + Vi-1 Yi Yi+1 Can be 
used as a 2X weight control indicating the addition or 

subtraction of 2X to the partial product K. 

4.) When in the subtract mode, the 2's complement of 
X (X plus one) is added. Thus the x; bits are ex- 
clusive OR’ed with the add/subtract control yj+4. 
The plus one is generated in the partial product LSB 
by connecting the yj,1 to the first c, of the adder 
used to add X and K. 

5.) When 2X is being subtracted, the carry into the 
second LSB of the partial product is generated by 
connecting the first c, to yj+4 and x_.1 to logic 0. 


Thus, all required functions of Table | can be implemented 
using combinatorial logic elements. The resultant output is a 
“partial product’ of the total multiplication product. Re- 
member that if Yj+1 's 1, then y has been treated as a negative 
number up to that point so the partial product may not really 
be correct yet. 


Both yji_y ® yj and yj_y yj Vi+1 + Vi-1 Vi Vier are 
symmetric functions. This provides the ability to change from 
Positive logic to negative logic (X = X, Y = Y) with the com- 
binatorial functions remaining unchanged. 


THE AM25S05 


The Am25S05 is an advanced Schottky MSI circuit that 
implements the algorithm previously developed in this appli- 
cation note. It can be used to multiply signed or unsigned 
numbers in various number representations and performs 
multiplications in either positive or negative logic. This dis- 
cussion applies to the Am2505 and Am25L05 as well; but the 
Am25S05 has been assumed to provide a single device for 
discussion purposes. 


The logic diagram of the Am25S05 is shown in Figure 6. The 
Jogic symbols and connection diagram are shown in Figure 7. 
The Am25S05 consists of five parts: a multiplier decoder, a 


- shifting array, a complementer, a high speed adder, and a 


overflow and sign control. 


1.) Multiplier Decoder 
The multiplier decoder generates the required control signals 
for the shifting array and complementer. First, it decodes 
whether OX, 1X or 2X.of the X multiplicand is to be added to 


“the incoming partial product. Second, the multiplier decoder 


generates the add/subtract command. The decoder generates 
the functions. 


A = yj-4 ® Yj 1X used 
B= yi_-1 Vi Vita + Vi-1 Vi Viet 2X used 
C = P Vig, + PlyinqA + Vi-1 yj) add/subtract 


(P input LOW = positive logic; P input HIGH = negative 
logic; P defined true for negative logic). 


The “zero” times the multiplicand is obtained by AB. The P 
input controls the add/subtract sequence so that the multiplier 
can work in either the positive or negative logic representation. 
The function includes terms to handle logic ‘‘O X” independent 
of the positive or negative logic representation when the de- 
coding functions A and B are both false. 


2.) Shifting Array 
The shifting array generates 0, 1 or 2 times the multiplicand 
and applies this to the complementer. X is inverted through 
the shifting array and “0” is implemented as all HIGH’s out 
of the array. The x_ input is used to shift up the next lower 
order bit for the 2X function. 


3.) Complementer 

The complementer consists of a set of exclusive-NOR circuits 
controlled by the add/subtract function. The add command 
applies a “O" to each exclusive-NOR while a subtract applies 
a “1"" to each exclusive-NOR. The add command thereby 
causes each output of the shifting array to be inverted. Thus, 
the x; inputs are applied non-inverted to the high speed adder 
in the add mode and applied inverted in the subtract mode. 


4.) High-Speed Adder 
The high-speed adder is a 4-bit high-speed parallel carry look- 
ahead adder that adds the selected function of the multiplicand, 
X, to the partial product presented at the K inputs. The adder 
also has a carry input, C,; a carry output C,.,4; and four sum 
outputs, Sg to S3. 


5.) Overflow and Sign Control 


’ At the most significant end of the array, i.e. where the sign 


bits are processed, a problem arises when an overflow occurs 
as a result of (a) an addition or subtraction or (b) the need to 
use 2X in the adder. To overcome these overflow situations, 
the sign digits of the multiplicand and partial product must be 
repeated twice. Luckily some logic minimization is possible 
and the Sq and Sp outputs, which are the most significant bits 


. of the 6-bit signed product, can be generated quite easily. 


These two outputs are required only at the most significant 
end of each iterative step of a multiplication. In order to re- 
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Figure 6. Logic Diagram for the Am25S05 


ACTIVE LOW 
5 4 3 % 19 18 17 16 


ACTIVE HIGH 


e oO00O 0 
X41 XQ *4K2 KZ x4 kg ky k2 kg 
Am25S05 


Voc v-1 Yo V1 P ko ky ko kg Ss Sq Cn 44 


76 5 4 3 1 19 18 17 16 


24 23 22 21 20 19 18 17 16 15 14 13 


X21 Q *1%2 x3 xq kg ky k2 kg 


Am25S05 


Am25S05 
4x2 


4x2 
2's COMPLEMENT 
MULTIPLIER Cn+4 
So S} Sp $3 Sq Ss 


x 
2's COMPLEMENT 
MULTIPLIER 


So $1 $2 $3 $4 Ss 
a oo aE 


10 1% 14 15 8 9 10 11 14 «15 


Figure 7. Logic Symbol! and Connection Diagram for the Am25S05 


duce input loading on x3, an additional xq input is provided 
which is a part of this overflow circuitry. The xq input must be 
connected to x3 at the most significant end of the array only 
and can be left unconnected elsewhere. 


ITERATIVE ARRAYS USING THE Am25S05 


Since the Am25S05 is a 2 x 4 multiplier and performs the 
arithmetic function S = XY + K, it can be used as an iterative 
cell in multiplication schemes. The number of multiplier de- 
vices required for the multiplication of a n-bit X by an m-bit 
Y is given by 


N feu 7) >) 
umber o devices = (5 (F 


where X and Y are the multiplicand and multiplier, re- 
spectively. (Note — fractions must be rounded up). 


When the array is extended, only the Sg through S3 outputs 
are used in the partial product until the most significant end 


of the array is reached. Then, the Sq and Sp outputs are used | 
for the most significant bits. Thus, a 4 x 2 multiplication 


gives a 6-bit output; an 8 x 2 multiplication gives a 10-bit out- 
put; a 12 x 2 multiplication gives a 14-bit output and so forth. 
For the 12 x 2 multiplication case, Sg through S3 are the 
outputs of the two least significant. multipliers and Sg through 
Ss are the outputs of the most significant multiplier to provide 
the 14-bit result. When the multiplier array is expanded in the 
Y direction, it is expanded on a row by row basis. The S out- 
puts of one row are connected to the K inputs of the follow- 
ing row that are shifted up by two bits in the X direction 
(A weight of 22 = 4). The two least significant output bits 
not connected (Sg and S47) provide two of the array outputs. 


Figure 8 shows four Am25S05’s connected to form a4 x 8 
array that produces a 2’s complement product from a 4-bit 2’s 
complement multiplier and an 8-bit 2’s complement multi- 
plicand. The scheme is shown for the positive logic representa- 
tion; for the negative logic representation, P must be held high 
rather than LOW, and ‘1’s and ‘O’s must be reinterpreted. 
Since the first iteration is treated as if the previous operation 
were an addition, the x_14 and y_ inputs are held at logic 
‘0’. The Sq and’ Sz outputs are ignored except at the most signi- 
ficant edge of the array. The K inputs allow the accumulation 


MULTIPLICAND 
Xo X1 Xa X3 Xq Xs Xp X7 


MULTIPLIER 
Yo + Am25S05 
‘1 EEE 2 


4x 
2's COMPLEMENT 


Am25S05 
4x2 
2's COMPLEMENT 
MULTIPLIER 


Cn+4 
G—o p 
on a oe = eae 


So $4 S2 $3 $4 $5 


CONSTANT 
Ko Ky K2 Ka Ka Kg Kg K7 


Am25S05 
4x2 
2's COMPLEMENT 
MULTIPLIER Ch+4 


So $1 S2 Sg Sq Ss 


K-14 XQ X12 XB X4 kg ky ko kg 


y-1 
Yo Am25S05, 
4x2 
= 2's COMPLEMENT 
MULTIPLIER 
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So Sy Sp $3 S4 S5 
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_ Figure 8. 2’s Complement 8 x 4 Multiplication. Active High Levels 


of partial products as information passes through the array. 


Since at the first stage the partial product does not exist, the 
K inputs can be used to add in a number at the least significant 
- end of the product. Otherwise the K inputs should be held at 
logic ‘0’. This feature is very useful as many arithmetic 
processes consist of a series of multiplication and additions, 
and these K inputs may save additional devices. For multi- 
plication with longer word lengths, the array can be extended 
in both the X and Y directions. 


Figure 10 shows the straightforward method of stacking multi- 
pliers so as to accumulate partial products and generate a re- 
sultant product. 


Figure 9 diagrammatically shows the connection scheme for 
the 12x 12 multiplier of Figure 10, the straightforward parallel- 
ogram structure. The longest propagation delay path is shown 
by the arrow. The typical propagation delay of this path is 
computed as shown in Table II. Note that this is not the 
maximum speed connection. 


In the diagram of Figure 9, the shorthand notation inside the 
individual multiplier notation represents the ‘‘system’’ bit 
numbers connected to the yg and xg bits respectively. Thus, 
if the system words are A and B, 4°8 represent Ag is con- 
nected to yg of that multiplier element and Bg is connected 
to xg of that multiplier element. Remember, each individual 
Am25S05 is labeled y_4, Yq, ¥1. X41, XQv X4, XQ, X3 and xq. 
When connected in an iterative system, these inputs should be 
relabeled to Vi-1: Vie Viet: Xj) Xj jet Xj42, X}+3 and 
Xj+3 (not xj44). Then the ij nomenclature inside the element 
is for the subscript of the system bit numbers. 


Figure 9. Diagrammatical Representation of Standard 
12 x 12 Parallelogram Structure and Longest 
Propagation Path 


TABLE 11 — CALCULATION OF TYPICAL PROPAGATION 
DELAY FOR PARALLELOGRAM 12 x 12 MULTIPLIER 


LH tPHL PL * TPH 
Typical Typical 2 
21.5 ns 
8.5 ns 
11.0 ns 
8.25 ns 


yj to Cn+4 
Cp to Cy+4 
Cp to So3 


kj to Cn+4 


4 Additional 

Cy to Sg3 and 

kj to Ch+4 paths 

Cp to S45 15 ns 


77.0 ns 


14.0 ns 
140.25 ns 
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Figure 10. 12 x 12 Multiplier in Parallelogram Structure 
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Figure 11. High Speed 12 x 12 2’s Complement Multiplication 


A23 


A second, faster configuration for the connection of a 12 x 12 
multiplier in a parallelogram-type structure is shown in the 
connection diagram of Figure 11 and diagramatically in Figure 
12. The significant. difference between the connection in 
Figure 11 and the connection in Figure 10 involves the y inputs 
connected to the carry inputs. Notice in Figure 10 that there 


_ are y inputs going into carry inputs down the left edge of the 


array to add “’1’’ at the LSB of the partial product during sub- 
traction. Every odd yj44 goes into a carry of weight i. How- 
ever, within the array there are carry signals lying in the 
critical speed path with the same weight as these y inputs. By 
interchanging some of these y inputs with carries higher up in 
the array, it is possible to shorten the critical speed path. For 
example, the carry out of the first Am25S05 has a weight of 
24 as does the Ys input in the third row carry in. By inter- 
changing these two signals as shown in Figure 11, the first 
Am25S05 is removed from the critical speed path. The carry 
between the first and second devices in the second row has a 
weight of 26 and may be interchanged with the Y7 signal. 
This interchanging may be continued across and down the 
array wherever applicable. The general philosophy of this 
method is to equalize the delays through the array from the 
top to all parts of the output rather than having some output 
bits available very rapidly and others more slowly. The result 
is that the longest propagation delay path will also be de- 
creased. .Table II] shows the computation for the typical 
propagation delay of the longest path for this connection. 


Figure 12. Diagrammatical Representation of High-Speed 
12 x 12 Parallelogram Structure and Longest 
Propagation Path 


TABLE II! - CALCULATION OF TYPICAL PROPAGATION 
DELAY FOR 12x12 MULTIPLIER WITH CARRIES MOVED 


tPLH 


tPHL tpLH + tPHL 
Typical a, ea! 


Typical 2 
23 ns 
13.5 ns 
6.5 ns 
12 ns 


23 ns 
9.5 ns 
10 ns 
10 ns 


23 ns 
11.5 ns 
8.25 ns 
11.0 ns 


yj to So3 
kj to Sog3 
kj to Cn44 
Cy to SQ3 


2 Additional 
kj to Cqy4 and 
Cy to Sgg paths 


kj to Cn+4 


38.5 ns 


2(8.25 +11.0)ns 


6.5 ns 
15 ns 


10 ns 
13 ns 


8.25 ns 


Cy, to S45 14.0 ns 


Total 114.5 ns 


A third configuration for a 12 x 12 multiplier is shown 
diagrammatically in Figure 13. In this structure, four of the 
Am25S05’s have been moved vertically while maintaining the 
relative partial sum weights. This results in an increase in 
speed over the standard parallelogram structure by decreasing 
the maximum propagation path length. The speed of this 
triangular structure, Figures 13 and 15, is the same as that of 
the parallelogram structure with carries moved, Figures 11 
and 712. 


Figure 14 diagrammatically illustrates the connection scheme 
for 16 x 16 arrays connected in the three types of structures 
previously described. In each method the carry-in connection 


Figure 13. Diagrammatical Representation of 12 x 12 
Multiplier in Triangular Array 
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Figure 14. 16x 16 Multiplier Connection Schemes 
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Figure 15. Connection for 12 x 12 Configuration in the Triangular Array. 
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TABLE IV — TYPICAL MULTIPLICATION TIME IN NANO- 
SECONDS. 


Time (ns) 
Method 2 
Method 3 


Time (ns) 
Method 1 


Number of 
Am25S05’s 


Array Size 
VYxX 


to the C, level is shown. If no connection is shown, it is 
assumed that C,,4 is connected to the next C,. Table IV 
shows the delays and package count for various size multi- 
plier arrays using these three connection methods. 


FASTER MULTIPLICATION USING ADDITIONAL ADDERS 


{f faster multipliers are required, the multiplication array can 
be split into several parts and the partial products from these 
parts added using high-speed carry look-ahead adders. This 
method results in a substantial increase in speed — especially 
for larger multipliers — with relatively few additional packages. 
One connection for a 16 x 16 multiplier using one level of ad- 
ditional partial product adders is shown diagrammatically 
in Figure 16. 


This method involves breaking the array into two 8 x 16 in- 
directly structured arrays. The first contains all X connections 
and the Y connections to the 0, 1, 4, 5, 8, 9, 12 and 13 bits. 
The second array contains all X connections and the Y con- 
nections to the 2, 3, 6, 7, 10, 11, 14 and 15 bits. In all cases, 
the yj_71 bit is connected to the correct weight bit. For ex- 
ample, yj_1 is connected to bit 5 for yg = 6 and yy = 7. 
Notice that for both 8 x 16 structures, the yj_4 bits are 
cross coupled to the other array. The typical speed computa- 
tion for this connection is shown in Table V. 


Another connection scheme for a 16 x 16 multiplier using 
three additional partial product adders (two levels) is shown in 
Figure 17. Here, the multiplier is broken into four 4 x 16 
arrays. Then the outputs of two of the arrays are combined in 
one high-speed adder and at the same time the outputs of the 
other two arrays are combined in another high speed adder. 


Figure 16. Multiplier Connection with One Level of Ad- 
ditional Adders 


TABLE V — CRITICAL PROPAGATION DELAY PATH FOR 
16 x 16 MILTIPLIER WITH ONE LEVEL OF ADDERS. 


tPLH tPHL tpLH + tPHL 


Path One Typical Typical 2 


23.0 ns 23.0 ns 
8.25 ns 


11.0 ns 


yj to Sog 23.0 ns 
kj to Cn+4 6.5 ns 10.0 ns 
Cry to So3 12.0 ns 10.0 ns 
kj to Sog 13.5 ns 9.5 ns 11.5 ns 
kj to Cn+4 6.5 ns 10.0 ns 8.25 ns 
Cr to Ca+4 8.0 ns 9.0 ns 8.5 ns 
Cp to So3 12.0 ns 10.0 ns 11.0 ns 
AtoCn+4 Am54S/74S181 Assumed 12.5 ns 
Cp to F Am54S/74S181 Assumed 7.0 ns 


Total 101.0 ns 


Path Two 


yj to So3 23.0 ns 23.0 ns 23.0 ns 
kj to Cn+4 6.5 ns 10.0 ns 8.25 ns 
Cp to Cy+4 8.0 ns 9.0 ns 8.5 ns 
4 Additional 
Cy to Cy+4 
Cy to So3 

B to Craig 
Cp to F 


4(8.5 ns) 


10.0 ns 
Assumed 


34.0 ns 


12.0 ns 
Am54S/74S181 
Am54S/74S181 


11.0 ns 
12.5 ns 
Assumed 7.0 ns 


Total 104.25 ns 
~“105 ns 


The resultant sums of the two high speed adders are combined 
in a third high speed adder which gives the total multiplication 
result. The typical speed computation for the longest path of 
this connection is shown in Table VI. 


The advantage of the scheme shown in Figure 17 is that about 
one-half of the total delay is in the external adder. A further 
decrease in the average multiplication time can be achieved by 
storing the partial sums in registers or latches, then adding the 
stored parts in the high speed adders. This results in a two-step 
time sequenced mode of operation. 


TIME-SEQUENCED MULTIPLIERS 


The Am25S05 can be used as the main element in a time- 
sequenced multiplier. This is illustrated in Figure 18. The 
multiplier and partial product are shifted two places after each 


iteration. Three single-length registers are required: one holds 
the multiplicand; the other two hold the double-length pro- 
duct. The least significant part of this double-length register 
originally holds the multiplier, which is sequentially shifted 
out during the computation. A shift of two places is obtained 
by splitting the multiplier and partial product into odd and 
even parts and placing the odd bits in one shift register and the 
even bits in the other. A shift of one place of both registers 
then effectively acts as a shift of two places. 


The scheme can be extended to use any number of even multi- 
plier bits. As the number of bits increases, the multiplication 
time increases, and the amount of ancillary hardware increases. 
When Am25S05’s are used in a combinational array, the array 
does not require any additional devices. Time-sequenced 
multipliers are worthwhile mainly if the word lengths are long 
or if the auxiliary registers can be shared with other arithmetic 
operations. This is one example of a serial-parallel multiplier. 


INTEGER MULTIPLICATION 


The Am25S05 can multiply 2’s complement numbers in either 
integer or fractional form. The primary difference is in the 
thought process of the designer. When the binary patterns are 
treated as integers, the 2’s complement numbers can be rep- 
resented as 


X =x—x,2n-1 

Y =y-y,2m—1 

K =k—k,2P71 
where 
Xg = sign bit of X (one or zero) 
Ys = sign bit of Y (one or zero) 
ky = sign bit of K (one or zero) 


= magnitude bits of X (less sign) 
= magnitude bits of Y (less sign) 


x 
y 

k = magnitude bits of K (less sign) 
n = number of bits in X word 

m ‘ = number of bits in Y word 

p 


= number of bits in K word 


For example, if six bits are assumed for X, n = 6 and the sign 
bit has a weight of —26—1 = _25 = —32. The other magnitude 
bits have their normal weight and since there are five other mag- 
nitude bits, they are 20, 21, 22, 23, and 24, Thus, 2's comple- 
ment integer numbers for n = 6 bits are as shown below: 


Magnitude bits 


Integer 
Decimal 
Number 

Equivalent 


Figure 17. Multiplier Connection with Two Levels of Ad- 
ditional Adders 


TABLE VI — CRITICAL PROPAGATION DELAY PATH 
FOR 16x 16 MULTIPLIER WITH TWO LEVELS OF ADDERS 


tPLH 
Typical 
23.0 ns 
12.0 ns 
6.5 ns 


PHL tPpLH + tPHL 
Typical 2 
20.0 ns 
10.0 ns 
10.0 ns 
8.0 ns 9.0 ns 
12.0 ns 10.0 ns 
Am54S/74S181 Assumed 
Am54S/74S181 Assumed 
Am54S/74S181 Assumed 
Am54S/74S181 Assumed 
Am54S/74S181 Assumed 


21.5 ns 
11.0 ns 
8.25 ns 
8.5 ns . 
11.0 ns 
12.5 ns 
7.0 ns 
12.5 ns 
7.0 ns 
7.0 ns 


¥j to Ch+4 
Cy to So3 
kj to Cn+4 
Cry to Cy+4 


Cp to So3 
A to Cy+4 
Cry to F 

A to Cya+4 


Cry to Cy +4 


Cp to F 
Total 106.75 ns 


When the product of X and Y is considered, the following 
equation results: 


S= XY = x,y, 2779-2 — xy, 2M—1 _ yx, 2N-1 + xy 


The 2’s complement product requires m + n bits in order to 
represent all possibilities. Note that there is only one con- 
dition where the m + n bits are required; that condition being: 


X =—29-1 and Y = -2—1 
This condition gives S = XY = gm+n—2 which requires m+n 


digits in a 2’s complement signed integer number. 


Consider n = 6 and m = 4, then x, has weight —32 and Ys has 
weight —8. For X =—32 and Y =—8, the product XY is +256. 
The 2’s complement representation is 0100000000. Ten bits 


_ are required to properly represent the 2’s complement number. 


All other combinations of values for X and Y require only 
m +n —1 bits to represent the 2's complement number. For 
n = 6 and m = 4 in this case, the ninth bit represents the pro: 


duct sign. Consider (+7) x (—31) is equal to —217 or 8-95 
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100100111. Notice that 1100100111, the ten bit 2’s comple- 
ment representation is identical in value. 


The general requirement for the product solution of XY is: 
S=XY=s—s,2mtn-1 

and all binary operations must be-carried through m + n bits 

in the product soltuion unless a simplification is assumed. 


In the Am25S05 (as well as the Am2505 and Am25L05), the 
sum output, S, of the device is: 

S=XY+K. 
This can be seen in Figure 6. 


The devices are designed such that in an iterative array, the K 
inputs to the adder are available only at the initial least 
significant partial product input. Thus in an iterative system, 
the sum is defined as: 


S = X.Y, gmtn—2 _ XV5 2m—1 _ (yx, + k,) 20-14 xy +k 


The k, term can contribute at weight 2"—1 and the k term at 
weight 29 = 1. Thus, m +n bits are sufficient to contain all 
possible values of S = XY + K. 


FRACTIONAL MULTIPLICATION 


Fractional multiplication using the Am25S05 is identical with 
integer multiplication but the notation is changed. The frac- 
tional number range is usually limited to ~1<x<1-2-(n—1), 


The fractional 
represented as: 


X =x 2-(n-1) _ Xs 
Y= y 2—(m—1) — Ys 
K=k2-(P-l)_k, 


where the notation is as with integer arithmetic. The sign bit 
now has a weight of —20 = —1 and the other magnitude bits 
have their normal fractional weight. 


Two's complement numbers for n = 6 are as shown below. 


20 9-1 2-2 9-3 97-4 9-5 


Fractional 


Equivalent 


—1 1/2 1/4 1/8 1/16 1/32 


14/32 = 7/16 0 0 1 1 1 

31/32 0 1 1 1 1 1 
0 0 0 0 0 0 0 
—7/32 1 1 1 0 0 1 
—25/32 1 0 0 1 1- 1 
—32/32 =—1 1 0 0 0 0 0 


The notation difference in the fractional representation is that 
all the integer representations have been divided by 2(N—1), 


The fractional product XY is 


S= XY = Xs Yg—XcV 2-(m—1 diy, x 2-(n—1) 4 xy g—(m+n—2) 


2's complement binary numbers can be. 


Again, m+n bits are required to cover all possible combinations. 
Note that X = —1 and Y = —1 results in XY = +1 which is be- 
yond the normal range. In order to cover this possibility, the 
sign bit should be given a weight of —2 (instead of —1); the 
next most significant bit is weight +1, the next is +1/2, and so 
forth. If the —1 times —1 possibility is excluded only m+n—1 
bits are required. 


The Am25S05 used in an iterative structure produces a frac- 
tional sum S = XY + K, but the K inputs are now at the same 
weight as the least significant partial product inputs. Thus 
K =k 2—(m+n—2) — x, 2—(m—1), The sum is: 


S= XY EK = xeVxq — (Hey + Kg) Z-IM=M — yg ZO 


+ (xy +k) 27 (m+n—2) 


This general equation requires the sign bit to have a weight of 
—2 and all arithmetic to be carried to mtn bits to represent 
the two’s complement solution. 


In conventional minicomputer 2’s complement multiplication 
of fractional numbers, the product, S, has only mtn—1 bits 
and is constrained in the range of -1 <S < 1—2—(mtn—2) 
with the most significant bit (sign bit) having a weight of —1. 
Outside of this range, an overflow indication is given. The 
Am25S05 produces a product of mtn digits so that all 
product results XY+K are correctly represented and the sign 
bit has weight —2. Notice that if K = 0 (the condition in con- 
ventional machine multiplication), m+n digits are required only 
for X = Y = —1. Thus if S is used with m+n—1 bits, the most 
significant bit of the Am25S05 array can be ignored, and an 
overflow indication can be generated by S_p © S;4 (S5 ® Sq 
on the most significant Am25S05 output). 


In fractional notation, the K inputs add to the least significant 
end of the adder. If K is negative, the k, bit is in effect re- 
peated completely across the most significant part of the pro- 
duct via the xq input and Sy and Ss outputs. If a double length 
K addition is required, an adder can be appended to the most 
significant part of the product with the carry-in terminal con- 
nected to k, so that the ‘1"’s across the most significant part 
of the product are removed and the desired most significant 
bits added. Figure 19 shows a 4 x 4 multiplication with double 
length addition while Figure 20 shows numeric examples of 
4 x 4 multiplications. 


in the connection scheme of Figure 19, an Am25S05 has been 
used as an adder to provide the desired overflow operation at 
the most significant end of the word. With the y input con- 
nection shown, the adder performs S = X plus K with the Sq 
output correct for this 2’s complement number range. The S5 
output is not used. If K is limited to the range of —1-1/8 < K 


< a ,an adder such as the Am54S/74S181 or Am54S/74S283 


can be used to perform the addition of the most significant K 
bits. In this case only 8 bits will be required to represent the 


63 
product and it will be in the range of -2 <S< 1 64° 
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Note: * Denotes decimal point definition. 


Figure 19. 4.x 4 Fractional Double Length Multiplication and 
Addition. 


ROUND-OFF 


It is often convenient to use only the most significant half of 
a product. This product should be rounded off; that is, it 
should approximate the best n-bit answer possible. This can be 
done by examining the least significant half of the product, 
and if it is greater than or equal to a certain value, (normally 
1/2 that of the least significant digit of the truncated product) 
adding a ‘1’ to its most significant position. 


Forming a rounded t-bit product from a conventional pro- 
duct constrained within the range —1 <S < 1—2—(mtn—2) 


8-98 can be accomplished by adding a ‘1’ to the K input at weight 
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Example #1 
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Figure 20. Three Examples of Two’s Complement 4 x 4 Multi- 
plications 


2—-t. For the case where t=m = n, this is one k position lower 
than the K sign digit. An example of rounding for t=m=n=4 
is shown below. 


x = 0. O 1 #1 = 3/8 
Y = 02 1 0 #1 = 5/8 
XY = 002. 0 0 1 1 #1 «1 «==15/64 
+K = 00. 0 0 0 1 0 Q 
Ss = 000 1 0 0 1 1 

Rounded t-bit product from the 2t-bit productis , 
iS) = 0. 0 1 O = 1/4 


For the case m = 4 and n= 8, the sum of n+m is 12. If a six bit 
rounded product is desired, a ‘’1"’ is added at weight 2—§, If an 
eight bit rounded product is desired, a one is added at 
weight 2-8. 


If the sum output is not constrained as before but covers the 
range —2 <S < 2—2-(mtn—2), care must be taken when 
rounding. For the case where m =n is rounded to m(or n) bits 
the “1” is to be added at the k, (sign) weight. The multiplier 
would treat this as a negative k, sign bit and it would be ex- 
tended up through the array most significant bit. Therefore, 
this connection cannot be made. It is recommended that for 
this case, the k, sign bit be connected to logic ‘’0” and all 
lower order k bits be connected to Jogic “1’’. This comes very 
near the desired rounding criteria; otherwise an additional 
adder is required at the output to add a one at the k, 
weight only. 


TABLE VII — WORST CASE EFFECT OF TRUNCATION BY REMOVING MULTIPLIERS 


Truncated Bits - 


TRUNCATION 


If the user is prepared to accept a truncated product where the 
product is incorrect by some fraction of a least significant 
digit, the number of IC’s required for the multiplication can be 
reduced. The designer can determine the accuracy required for 
his application and remove packages as long as the error does 
not exceed the desired accuracy. 


A simple procedure for examining the effects of removing each 
Am25S05 is as follows. Each 4 x 2 multiplier can effect 5 bits 
of the output partial product by its Sg, $4, So, S3, and Cya4 
output. As each package is removed, the effect on each bit 
_ level can be evaluated by summing the total bits involved. 


This is best shown by an example. Assume a 12 x 12 multi- 
plier with a 24-bit result (Reference Figure 12). When the 0-0 
multiplier (yx) is removed, the 5 LSB’s are effected. If the 
2°0 multiplier is removed, then the first eight LSB’s are effected 
as shown in Table VII. If the 0°4 multiplier is also removed, 
then two multipliers have been removed from row one and one 
multiplier from row two. Only the first nine bits of row one 
can be effected by the removal of two multipliers. Since 
C,,+4 of O-Owas considered before, the Sg bit of 0-4 cannot be 
added a second time. Therefore, when the 0:4 multiplier is 
‘removed, only the Sy, S9, S3 and C,+4 bits effect the result. 
This is shown in Table VII by cancelling the Sp bit of “O°4 
removed”. When the 4*0 multiplier is removed from row 3 the 
Sg, $1, Sz, S3 and C,14 bits effect the result. When the 2°4 
multiplier is removed from row 2, the Sg bit cannot be con- 
sidered. 


Thus, from Table VII it can be seen that when 0:0, 2-0, 0°4, 4-0 
and 2-4 are removed, the first 12 LSB’s are effected and the 12 
bit sum output will be accurate to about 3/4 LSB at this point. 
Thus, 5 multiplier packages can be removed from a 12 x 12 
multiplier and maintain a 3/4 LSB accuracy. Note that 18 
devices are required for full accuracy. If the 6°0 multiplier 


Multiplier 
removed 


0-0 removed 
2-0 removed 


effect 
0-4 removed 


effect 
4-0 removed 


effect 
2-4 removed 


effect 
6-0 removed 
effect 


is removed from row 4, the 12-bit result will be accurate to 
about 1 LSB, but only 12 devices are required rather than 18. 


One further note on truncation; when a binary word is 
truncated, the accuracy is not +1 LSB or +1/2 LSB, etc. The 
truncated result can never increase the magnitude of the LSB 
because this would include rounding. Thus, a truncated result 
is always the sum, S, plus zero magnitude of the LSB and 
minus 1, 1/2 or 1/4 (or any other number) LSB. The mag- 
nitude always becomes more negative for either positive 
or negative numbers, 


From this discussion, it should be apparent that the designer 
can remove packages and truncate the product to any desired 
bit length and accuracy. When the product is truncated, no 
speed increase usually occurs, since the removed multipliers 
are not in the longest critical speed path. This assumes that the 
highest speed connection is being used. 


MULTIPLICATION IN OTHER NUMBER REPRESENTA- 
TIONS 


Although 2’s complement multiplication is the one most widely 
used, multiplication in other number representations often 
must be performed. The Am25S05 can be used to perform 
these multiplications if appropriate care is used and the proper 
connections are made. 


UNSIGNED (Magnitude-only) MULTIPLICATION 


The most straightforward technique to perform magnitude- 
only multiplication is to generate two “always positive’ two's 
complement numbers. This is accomplished by adding a logic 
“0” as the most significant bit of each word, thereby generating 
a positive sign bit. This increases both the X and Y word 


_ lengths by one bit. The Am25S05 can be used “as is’’ to per- 
form this multiplication and the two most significant multiplierg.gg 


sum bits are ignored. Thus, if m = 4 and n = 6 ina magnitude- 
only representation, a 5 x 7 multiplier configuration is re- 
quired. The two MSB‘s of the 12-bit sum are ignored which 
result in a 10-bit product solution in a magnitude-only 
representation. Note that the multiplier still performs XY + 
K and m +n bits are sufficient to contain all possibilities. 
(A 6 x 8 connection is actually used). 


A second technique for unsigned multiplication also requires 
extending the word length one bit, but need not require a 
larger array. A logic “‘0’’ is appended to each word as a 
positive sign bit; then the LSB of each word is considered 
separately. 


Xe = XQ + 2x — x,2" 

Ye = Yo* 2y — ys2m 
Since x, = Yg = 0, the extended product is 
XeYe = 4xy + 2xyg + 2yxg + xoVg 


A n-bit by m-bit multiplier array can be used to generate 4xy 
and a conditional adder can be used to generate 2xyqg + 2yxq. 
The term from this adder can be added to the multiplier array 
at the K input. The 1, 2 and 4 show the proper weighting for 
each term. The term xgyq is just an AND function and cannot 
produce a carry output. The first stage of the conditional 
adder produces the first bit of the product. The remaining 
product digits are produced at the output of the multiplier 
array. The sign digits x., y, and kg are held at logic O and the 
two most significant multiplier sum bits are ignored. The ad- 
vantage of this connection is that the conditional adder is con- 
nected to the K inputs and in some cases the total multipli- 
cation time may be faster than if the above method is used. 


It should also be noted that depending on the word lengths 
being used, it may only be necessary to extend one of the input 
words (X or Y) beyond the iterative array convenient length. 


Then it may be possible to use the K inputs as most of the - 


conditional ‘adder. 


SIGN-MAGNITUDE MULTIPLICATION 


The most straightforward technique for performing sign mag- 


nitude multiplication is to split the sign from the magnitude 
and perform the magnitude multiplication as described in the 
magnitude-only section. The sum sign bit is ss = xc¥_ + X.Y, = 
Xg ® yg, which can be performed in an external exclusive-OR 
circuit. Note that for a sign magnitude notation, m = 5 and 
n = 7 only m+n—1 = 11 bits are needed for the sign-mag- 
nitude XY product. Caution — care must be taken when using 
the K inputs because a negative product plus K may be positive 

and no provision is made for this in the sign bit representation. 


The notation used for a sign-magnitude word is: 


Xsm = x(1—2x,) 
Ysm = y(1—2y.) 


The Xgmn Yorn Product is Sony = Xs Vg—y = X¥(1—2X5)(1—2y5)= 
xy (1—2x, —2y, + 4xcYo) 


The Am25S05 2's complement. multiplier produces the pro- 


8-100 duct: S = XY = x.y, 2MtN—2 — xy, 2M—1 — yx, 2N—-1 + xy 


The resulting solution for the sign magnitude multiplication 
if the signs are included in the Am25S05 connection is 


Som = (XY — X6Y5 gmtn—2 + XY¢ gm—1 + YXs gn—1) 
(1—2x, —2y, + 4xeyz) 


There are four conditions for x,y, and the correction required 
in each case is as shown below: : 


X6Vg XY¥en 
XY (no correction) 
10 —XY — y2n-1 
01 —XY — x2m—1 
1 XY — 2mtn—2 + x2M—1 4 yon—1 


Since the terms to be added begin at weight 2m—-1, 2n—1 of 
2m+n—2, they must operate on the most significant part of the 
product. Therefore, additional adders are required at the out- 
put to make the proper connection. The technique of keeping 
the sign bits separate from the multiplier array and setting 
K = 0 is recommended. 


ONE’S COMPLEMENT MULTIPLICATION 
One’s complement multiplication does not have a straight- 
forward method as do unsigned or sign-magnitude multipli- 
cation schemes. The notation used to represent a 1’s 
complement number is 
X44 =X— Xs (2n—1 _4) 
¥1,=y—y, (271 1) 
Sy = Xq¥q =xy + xys(1-2M-1) + yx,(1-29-1) + 
Xs¥g(1-2"-1 —2m—-1 4 gm+tn—2) 


If the X and Y word length are the same, then m =n and the 
product reduces to: 


Sq =X1¥1=xy + (xyg + yx5)(1-29-1) + x,y,(1-27 + 220-2) 


The Am25S05 product for m = n is 
XY = xy, 229-2 — (xy, + yxg) 22-14 xy 


Remembering the definitions for X and Y in 2's complement, 


the solution for the one’s complement multiplication sum 
for m= nis 


Sq 
$1 


XY + xyg + yxs + Xg¥5 (1-2-2917) 
XY + xs¥ + yg X + XeVg 


Note that the one’s complement word relates to the two’s 
complement word as 


Y4 = Yty¥5 


Therefore, the one’s complement solution can also be given as 
Sq = XY + xeV¥q + V5X4q — Xs¥5 


The four conditions for x,y, with m =n are: 


X1V1 Result 


Correction Requires 2's Complement 
Inputs and 2’s Complement Addition 


XY 

XY+Y 

XY +X 
XY+X+YVHI 


X71Y 4 Result 


Correction Requires 1’s Complement 
Inputs and 1’s Complement Addition 


XY 

XY +Y4 
XY + X4 

XY +X +¥4-1 


X1Y1 Result 


Correction Requires 1's Complement 
Inputs and 2’s Complement Addition 


XY 

XY +Y4-1 

XY + X4--1 

XY +X+¥y, 41 


Since the correction to be added is at weight 20 = 1, the K in- 
puts can conveniently be used for this purpose. Note that two 
designs have been described. The first requires having both 
one’s complement numbers X4 and Y 4 available converted to 
2's complement numbers X and Y. The second requires only 
one’s complement numbers but requires an addition of —1 
(in one’s complement notation). Thus, a conditional adder can 
be used to produce x,Y + ysX4.— X.Y, and the sum can be 
added to the multiplier at the K inputs. 


If m is not equal to n, then the product X7Yj4, using the 
Am25S05 is Sq =X1Y¥ 1 =XY +xystVX5+XVg (1-29-1-2m—1). 
Note that the same type of solution is possible as with m =n. 
$1 =X1V1 = XY + sXq + XSY, — XsV5- 

Thus, a conditional adder can be used and the solution is 
identical with the four conditions shown for x,y, when m =n. 
The only difference is that the adder will use the m and n word 
lengths which must be extended sufficiently to cause repetition 
of the sign bit across the multipliers array. 


THE y_4 BIT 


It has been stated repeatedly that the multiplier array per- 
forms the function S = XY + K. This result assumes that the 
y.4 system bit is held at zero. If y_4 is held at logic “41”, the 
array function becomes S = XY +K + X =X (Y¥+1) + K which 
may be expanded to include y.4 as S = XY + K + y.1 X= 
X (Y+y.4) + K where y_, is either logic 1 or 0, There are some 
applications of the multiplier array that can take advantage of 
this ability to add X to the product XY. 
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S=Ax2 + Bx + 


Figure 21. Polynomial Evaluation 


APPLICATIONS. 


The multiplier is ideal for hardware multiplication in general 
and special purpose computers, digital filter circuits, Fast 
Fourier Transform (FFT) processors, and special purpose 
digital machines. In the applications described in the following 
figures, the multiplier array is shown as a box which performs 
the function S = XY + K. Care must be exercised in scaling 
the numbers appropriately. Likewise, various other registers 
and adders are assumed to have a word length sufficient to 
handle the accuracy and magnification required. Figure 21 
shows two multiplier arrays connected to generate a quad- 
ratic in x. This can be extended to form polynomials with 
higher powers of x. 


A multiplier array connected to perform higher order poly- 
nomial evaluation in a time sequenced mode is shown in Fig- 
ure 22. Note that the output register is initialized to 0 and the 
constants sequentially applied to the K input. 


Figure 23 shows a single-pole, low-pass, recursive digital filter. 
The z-plane pole location is at z = C where C is a constant. 
The register is used as the unit time delay operator z—1, The 
K inputs can be used for the least significant bits of the data 
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Figure 22. Time Sequenced Polynomial Evaluation 
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input E;. In some designs, only the K input bits are required 
for the entire E; input word. The DC gain at z= +1 is 1/(1-C). 


A single pole, high-pass recursive digital filter is shown in 
Figure 24, The z-plane pole location is at z = C. Note the 
z-plane zero at z = 1 which results in a DC gain of 0, i.e., a 
high-pass filter. 


A two-pole, low-pass recursive digital filter of canonical form 
is shown in Figure 25. This block produces a complex con- 
jugate pair of poles in the z-plane when [4D] >[C2|.The pole 


locations are 24, z9 -£ + jVic2—4p1 . This configuration can 
, 2 


be used as a two-pole building block in more complex Arm25S05's 
Butterworth or Chebychef filters. The DC gain is 1/(1—C+D). 
This value is usually very close to the peak internal-build up 
which occurs at a frequency just below the filter break fre- 
quency. Also shown is the case in which the input word length 
has been extended to full length. 


Am54/74S174's 


REGISTER 


Figure 26 shows a general two-pole, two-zero recursive canonical 
structure. By appropriately selecting the A, B, C, and D con- 
stants in this configuration, the building block can be used as 
a high-pass, low-pass, or band-pass digital filter. The DC gain 
is (1+A+B)/(1—C+D). The pole locations are the same as for 
Figure 24, The zero pair will be complex if A is negative and 
14B| >1A2]. If A = —2 and B = 1, then the zeros are at (z~1)2 
and a two-pole, high-pass filter results. Figure 23. Single-Pole, Low Pass Recursive Digital Filter 
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8-102 , Figure 24. Single-pole, High-pass Recursive Digital Filter. 
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Figure 25. Two-pole, Low-pass Recursive Digital Filter 
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Figure 27. General Two-pole, Two-zero Recursive Digital Filter Building Block 8-103 
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8-104 . Figure 26. Canonical Two-pole, Two-zero Recursive Digital Filter. 


A general two-pole building block is shown in Figure 27. There 
‘are several options for arranging the multipliers and adders 
depending on the application. The z-plane transfer function is 
also shown in Figure 27, The. multiplier constants locate the 
poles and zeros of the filter. Also, the internal characteristics 
of the filter can be adjusted using the constants. ; 


In all of the digital filter examples shown, the single unit delay 
register, 2-1, can be replaced with multi-word resisters. Thus, 
the arithmetic structure can be time shared by sequentially 
changing the multiplier constants. Also, such things as comb 
filters or range-gated filters can be designed using long word 
length registers. Remember, however, that each pole imple- 
mented requires one memory word and no sharing is possible. 
A non-recursive digital filter is shown in Figure 28. These 
structures are useful as equalizers and for certain filter applica- 
tions. These structures have a finite transient response whereas 
the recursive filter transient response tends to be infinite. 


This same non-recursive structure can be implemented as shown 
in Figure 29. Here one multiplier and one register are used in a 
time-sequenced mode. Thus, with the non-recursive structure, 
both the multipliers and memory may be time shared. The 
coefficients A, B, C, etc., are evaluated by determining the 
transient response of the filter desired and implementing the 
z-transform constants as the multiplier constants. As shown, 
each constant is stored in a separate register and then multi- 
plexed to the multiplier. This may be more convenient for 
adaptive filters. Otherwise, the constants can be stored in a 
shift register that is connected to the Y input of the multiplier. 
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Figure 29. Time Sequenced Non-Recursive Digital Filter 


REGISTERS = Am54S/748174's 
MULTIPLIERS= Am25S05's 
ADDER = AmS4S/74S283's 


=A + Bz! + 2-2 + D2-3 + Ex-4 + Fx-8 = Ard + B24 + 023 + D22 + E+ F 


Figure 28. Non-recursive Digital Filter 
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Figure 30 shows how the square root.of a number is formed 
using a multiplier array built with Am25S05 digital multipliers 
as the function generator. The successive approximation reg- 
isters provide the estimate that is then squared and compared 
with the number whose root is required. If the square of the 
trial value is less than the number whose root is desired, then a 
"1" is fed back to change the register bit under consideration, 
The time to achieve a square root is essentially n+1 multiply 
times. The network can easily be modified to perform op- 
erations of the type r = (x2 +Y24 22) 1/2, The multiplier 
array can be used to generate the various squares, add the 
products and then compare the result against a trial value de- 
rived from the same multiplier array. The time required would 
then be n+4 multiplication times. 


Another application frequently used is the division operation. 
This can be performed by multiplying the trial value, n, by the 
divisor and comparing the result against the dividend. If the 
dividend is larger then the trial value has to be increased; if the 
dividend is smaller then the trial value has to be reduced, The 
operation is fairly straightforward for unsigned division; with 
signed division a few problems occur. 


Am2503 SAR 


For 2's complement integer division the logic is shown in 
Figure 31. 


The divisor, dividend and trial quotient are all treated as 2's 
complement numbers. The first trial value is all ones (—1). 


The operations performed are: 
For Qe, the sign digit of the quotient: 


If D7 =O and -5 <P Set Og = 0 Otherwise Oc = 1 


If{D7=1 and —5 <P Set Qc = 1 Otherwise Og = 0 


For the remaining quotient digits: 
if D7 =O and Tj_4 D +<P Set Q; = 1 Otherwise Q;=0 
If D7 = Vand Tj_4D +o<P Set Q; = 0 Otherwise Q;= 1 


where 7; is the i th trial value held in the SAR. 
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Figure 30. Square Root Evaluation by Recursion 
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Figure 31. 2’s Complement Rounded Division 


Since the complement of the most significant bit of the reg- 
ister is used rather than the true output so that resetting the 
register presents —1 to the multiplier array, the change in 
algorithm between the sign bit and the rest of the bits is 


automatically taken care of. 


The D/2 factor in the equations is used to round off the 
' quotient. A double length dividend is assumed. The com- 
parator is wired for a 2's complement comparison with the 
sign digit of the product and dividend crossed over, the divi- 
dend sign bit forming part of the multiplier word and the 
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product sign bit forming part of the dividend word. 
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Am25S10 FOUR‘BIT SHIFTER 


By John R. Mick 


INTRODUCTION 


The Am25S10 is a high-speed MSI combinatorial logic block 
built using advanced Schottky technology. The device has the 
ability to shift four bits of data 0, 1, 2 or 3 places. The 
Am25S10 has two select lines that are decoded internally to 
determine the number of places the data is shifted. The de- 
vice has seven data inputs I_3, Iz, I-4, Io, ly, lo, and I3 
and 4 three-state data outputs Yo, Y;, Y2, and Y3 as shown 
in the logic symbol diagram of Figure 1. The three-state out- 
puts allow several devices to be bus organized for shifts of 
more than three places with a single level device propagation 
delay time. The three-state outputs are controlled by a single 
buffered active-LOW output control OE. When the output 
control is LOW, the data outputs will follow the selected data 
inputs. When the output control is HIGH, the data outputs 
offer a high-impedance to the data bus. 


FUNCTIONAL DESCRIPTION 


The logic equations describing the output shifting capability 
of the Am25S10 when the output control is LOW are: 


Yo=So S; lo + So Sy 1-4 + So $1 Ip + So Sy I-93 
Y; =So 5 ly + So S| Io + So Sy} 1-4 + So S Ip 
Yo =So S} lo + So S 4h +50 Sy lo +S S IY 
Y3=So S Ig + So Sy lp +80 Sj hy + Sq S by 


From these equations it is seen that each output is op- 
erationally equivalent to a four-input multiplexer with the 
inputs connected such that the select code generates successive 


one-bit shifts of the input data word. The logic diagram of 
Figure 2 shows the internal connection of each multiplexer 
with respect to the seven‘data inputs. Because of this internal 
connection scheme, several devices can be connected to per- 
form shifts of 0, 1, 2, or 3 places on words of any length. 
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Note: Pin 1 is marked for orientation 


Figure 1. Logic Symbol and Connection Diagram. 


Figure 2. 


Logic Diagram of the Am25S10. 


The operation of the Am25S10 is pictorially depicted in 
Figure 3. Here, the four shift positions of the data outputs 
with respect to the data inputs are shown via the dashed lines 
for the four possible select codes. Figure 4 shows a similiar 
operation only the notation now represents a seven-bit input 
word Ag through Ag. The output code for each of the select 
field combinations applied to the Sg and Sj inputs is shown 
in the accompanying Function Table. In addition, the four 
outputs Yo through Y3 can be forced to the high-impedance 
state by applying a HIGH to the “output control” input. This 
allows additional shifters to be cascaded on the same output 


lines, or the shifter array to be connected to a common data bus. 
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Figure 3. The Four Shift Positions of the Am25S10. 
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Figure 4. The Am25S10 4-Bit Shifter Operation. 


INPUT LOADING 


The logic diagram of Figure 2 shows the input connection 
scheme for the seven data inputs of the Am25S10. Table | 
shows the number of multiplexer inputs connected to each 
data input as well as the expected an actual Unit Load 
weighting on each input. 


TABLE | . 


Actual 
Unit 
Loads 


Number of 
Multiplexer Inputs 
Connected 


Expected 
Unit 
Loads 


Since the number of gate inputs for I_2, I-17, Ig, ly and Ip 
data inputs is 2, 3, 4, 3, and 2 respectively, this could be ex- 
pected to be the unit load fan-in for these data inputs. How- 
ever, I, current sharing occurs internally with the select 
buffer outputs to reduce the external fan-in, Since a Schottky 
TTL unit load is defined as ~2.0mA measured at 0.5V LOW, 
the maximum [,, when measured at V;_ = 0.5V is —3mA or 
1.5 STTL unit loads. As the measure voltage Vj, on these data 
inputs is decreased to OV, the measured input current on I_», 
1-4, Ig, 14, and Ig can increase to an ty, maximum of —4, —6, 
—8, —6 and —4 mA respectively because of the decrease in 
current sharing with the internal select buffer outputs. 


A plot of the typical input voltage versus input current for the 
data inputs is shown in Figure 5. This Figure shows the in- 
creased input current flow (negative current) as the input 
voltage is decreased. It also shows the effect of the input 
clamp diode as forward bias in applied. 
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Figure 5. Typical Input Current Characteristics. 


8-109 


8-110 


LOGIC EQUIVALENTS OF THE Am25S10 


The Am25S10 exhibits several symmetrical properties that 
may be of advantage in some designs. These symmetrical 
properties involve the labeling of the inputs and outputs and 
the polarity of the select inputs. By relabeling the inputs in 
reverse order, labeling the outputs in reverse order, and con- 
sidering the select inputs in positive logic (active-HIGH) or 
negative logic (active-LOW), eight logic equivalents for the de- 
vice are possible, Figure 6 shows the operation of the device 
for the four combinations of input and output definitions for 
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the positive logic notation while Figure 7 shows the operation 
of the device for the four combinations for the negative logic 
notation. The logic symbol for each set of definitions for the 
input pins and output pins is shown adjacent to the truth table. 


This relabeling of pins can provide the designer with some 
flexibility in printed circuit board layout. Likewise, the select 
code can be either positive logic or negative logic and the in- 
put data will be passed non-inverted. In some cases, the re- 
definition allows the designer to visualize shifting up versus 
shifting down for the same select code. 


DATA INPUT PINS DATA OUTPUT PINS 


5 11 12 14 


Ny 


DATA INPUT PINS 
3 4 5 


Negative Logic (LOW = 1, HIGH = 0) for the select inputs. 


Figure 7. 


Four Possible Input and Output Combinations for the Negative Logic Definition. 


Am25S10 APPLICATIONS 


The four-bit shifter is an ideal MSI element for high-speed 
shifting and scaling in digital systems. By suitable inter- 
connection of the inputs and outputs, shifts of any number 
of places up or down can be made with a propagation delay 
of only one device. Shifting can be logical, with zeroes pulled 
in at either or both ends of the shifting field; arithmetic, 
where the sign bit is repeated during a shift down; or end 
around, where the data word forms a continuous loop. The 
three-state outputs can be used to increase the number of 
places shifted and also facilitate rapid data bus access in bus 
_ organized systems. 


The Connection Diagram and Function Table of Figure 8 show 
a 16-bit word shifted up 0, 1, 2 or 3 places. In this example, 
the most significant bits (A,3, A14, A1s) are discarded and 
logic zeroes are shifted in at the least significant end. 


Figure 9 shows a Connection Diagram and Function Table for 
a 12-bit word shifted down 0, 1, 2 or 3 places. In this example, 
zeroes are shifted into the most significant bits and the least 
significant bits are discarded. Notice that one of the alternate 
definitions and pin assignments has been used to define the 
Am25$10. 


A complete end-around barrel shift of 0, 1, 2, 3, 4, 5, 6 or 7 
places is shown in Figure 10, In this configuration, the three- 
state capability of the outputs is used to connect one of two 
Am25S10's to the data output under the control of the So and 


Ag Ay Az A3 Ag Ag Ag A7 


Positive Logic 


Figure 8. 


So select inputs, This technique can be expanded for longer 
word lengths by using one-of-four or one-of-eight decoders to 
control the active-LOW “output control” input. 


A 13-bit two’s complement scaler is shown in Figure 11. For 
this connection, the sign bit is pulled in at the most significant 
end and the least significant bits are truncated. Thus, the 13- 
bit two’s complement binary output number is scaled to 1, 
1/2, 1/4, or 1/8 of its input value. 


A two-level 16-bit barrel shifter and its associated Function 
Table are shown in Figure 12. Only eight Am25S10’s are re- 
quired to perform this function. For clarity, the intermediate 
level of inputs and outputs have been labeled Bj. The sixteen- 
bit output word can be bus connected and controlled via 
the OE input. 


Figure 13 demonstrates a unique way to convert a fixed point 
positive number to a floating-point mantisa and exponent. The 
priority encoder is used to determine the most significant bit 
position of the input word with a binary ‘‘1’’. The priority 
encoder output is a binary weighted code representing the 
number of places the input word is to be shifted up. This code 
controls the Am25S10 shifting array and shifts the input 
word such that the Y7-bit of the mantisa is always a binary 
one (except for A = 0). The exponent is of the form 2—" where 
n is the value of the binary weighted code from the priority 
encoder. Thus, the output of this functional block is of the 
form Y2-", 
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8-112 Figure 10. Eight-Bit End Around Shift 0, 1, 2, 3, 4,5, 6 or 7 Places. 
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Figure 11. 13-Bit 2’s Complement Scaler. 
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Figure 13. Binary Scaling to Give Mantisa and Exponent. 8-113 
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Figure 12. Full 16-Bit Barrel Shifter. 
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FIXED MULTIPLIERS 


Digital systems requiring multiplication by a constant interger 
or constant fraction can make effective use of the Am25S10 
if the constant must be varied over several values. By using 
four-bit shifters and high-speed adders, very high-speed “‘con- 
stant coefficient’ or fixed multipliers can be built. The tech- 
nique is shown diagrammatically in Figure 14. Here, the input 
word C is wired to the adder A inputs such that a shift of 
+ C is ‘built-in’. The Am25S10 shifter is wired to the B in- 
puts of the adder such that its four select states represent pre- 
scaling of GC. i¢, x C, and re C of the C input word. If the 
OE input 1s used to disable the outputs (high impedance), the 
adder B inputs will assume the logical one state (HIGH). By 
adding ‘a “one” at the adder carry input least significant end, 
the contribution of the B inputs to the sum output is zero and 
the.adder A input will be passed to the output. Thus, the OE 
input can be used to generate a zero C value from the shifter. 


Figure 15 shows the actual connection diagram for a 12-bit 
two’s complement fixed multiplier using the scheme of Figure 
14, The Y output weighting is the same as shown in the 


Function Table of Figure 14. The OE input is tied directly to 
the adder least significant C, input to complete the shifter 
“zero’’ output function. 


Figure 16 shows two shifter arrays used in conjunction with 
one adder. For the shifter A and shifter B select codes shown, 
twenty multiplication constants are realized with seventeen 
constants being unique. Other combinations could be used to 
realize different outputs. The combinations possible can be 
extended greatly by using multiple adders and multiple shift- 
ing arrays. For the example of Figure 16, the zero shifter out- 
put (high-impedance state) is used with only one shifter since 
only one C,, input is available. 


This technique for fixed constant multipliers can be applied 
to two’s complement, one’s complement, sign-magnitude, or 
magnitude only arithmetic. In so doing, the sign must be 
handled appropriately and the adder output word size and 
number range must be considered. For the one’s complement 
case, the all ones representation for. zero must be handled 
separately, 
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Figure 16. Two Shifter Arrays and One Adder Array in a Fixed Multiplier Connection. 


CONCLUSION The three-state output design of the Am25S10 provides in- 

creased flexibility in its use and the advanced Schottky con- 

The Am25S10 four-bit shifter is a new unique combinatorial struction offers minimum propagation delay. The device can be 

logic element offering the system designer new shifting and used to shift any number of bits any number of places; up, 
scaling capability not previously available in a single package. down or end-around. 

ADVANCED 

MICRO 


DEVICES INC. 

901 Thompson Place 

Sunnyvale 

California 94086 

(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 8-117 


ORDERING AND PACKAGING INFORMATION 


Order Number 
—55°C to +125°C 


MS! CIRCUITS 


Order Number 
0°C to +70°/75°C ; 


Am25 Series 
Am2501 
Am2502 
Am2503 
Am2504 
Am2505 
Am2506 


Am25L Series 


Am25L02 
Am25L03 
-Am25L04 
Am25L05 
Am25L06 


AM2502PC 
AM2503PC 
AM2504PC 
AM2505PC 
AM2506PC 


AM25L02PC 
AM25LO03PC 
AM25L04PC 
AM25LO5PC 
AM25LO6PC 


Hermetic 
DIP 


AM25010C 
AM2502DC 
AM2503DC 
AM25040C 
AM2505DC 
AM2506DC 


AM25L02DC 
AM25L03DC 
AM25L04DC 
AM25L05DC 
AM25LO060C 


AM2501XC 
AM2502XC 
AM2503XC 
AM2504XC 
AM2505XC 
AM2506XC 


AM25L02XC 
AM25L03XC 
AM25L04XC 
AM25LO5XC 
AM25L06XC 


Hermetic 
DIP 


AM2501DM 
AM2502DM 
AM2503DM 
AM2504DM 
AM2505DM 
AM2506DM 


AM25L02DM 
AM25L03DM 
AM25L04DM 
AM25L05DM 
AM25LO6DM 


Flat 
Pack 


AM2502FM 
AM2503FM 
AM2504FM 
AM2505FM 
AM2506FM 


AM25LO2FM 
AM25LO03FM 
AM25L04FM 
AM25LO5FM 
AM25LO6FM 


Dice 


AM2501XM 
AM2502XM 
AM2503XM 
AM2504XM 
AM2505XM 
AM2506XM 


AM25L02XM 
AM25L03XM 
AM25L04XM 
AM25L05XM 
AM25LO6XM 


Am54/74 Series 


Am54/74123 
Am54/74153 
Am54/74154 
Am54/74157 
Am54/74160 
Am54/74161 
Am54/74162 
Am54/74163 
Am54/74174 
Am54/74175 
Am54/74181 
Am54/74182 
Am54/74192 
Am54/74193 
Am54/74194 
Am54/74195 
Am54/74221 


Am82 Series 


Am8284 N8284A N8284F N8284X $8284F $8284X 
Am8285 N8285A N8285F N8285X $8285F $8285X 


Am93 Series 


Am9300 9300PC_ . 9300DC 9300XC 
Am9301 9301PC 9301DC 9301XC 
Am9304 9304PC 9304DC 9304XC 
Am9306 9306PC 93060C 9306XC 
Am9308 9308PC 9308DC 9308XC 
Am9309 9309PC 9309DC 9309XC 
Am9310 9310PC 9310DC 9310XC 
Am9311 9311PC 9311DC 9311XC 
Am9312 9312PC 9312DC 9312XC 
Am9314 9314PC 9314DC 9314XC 
Am9316 9316PC 9316DC 9316XC 
Am9318 9318PC 9318DC 9318XC 
Am9321 9321PC 9321DC 9321XC 
Am9322 9322PC 9322DC 9322XC 
Am9324 9324PC 9324DC 9324XC 
Am9328 9328PC 9328DC 9328XC 
Am9334 9334PC 9334DC 9334XC 
Am9338 9338PC : 9338DC 9338XC 
Am9340 9340PC 9340DC 9340XC 
Am9341 * 9341PC 9341DC 9341XC 
Am9342 9342PC 9342DC 9342XC 
Am9360 9360PC 9360DC 9360XC 
Am9366 9366PC 9366DC 9366XC 


Am93L Series 


Am93L00 
Am93L01 
Am93L08 
Am93L09 
Am93L10 
Am93L11 
Am93L12 
Am93L14 
Am93L16 
Am93L18 
Am93L21 
- Am93L22 
Am93L24 
Am93L28 
Am93L34 
Am93L38 
Am93L40 
Am93L41 
Am93L60 
Am93L66 


SN74123N 
SN74153N 
SN74154N 
SN74157N 
SN74160N 
SN74161N 
SN74162N 
SN74163N 
SN74174N 
SN74175N 
SN74181N 
SN74182N 
SN74192N 
SN74193N 
SN74194N 
SN74195N 
SN74221N 


$N74123J 
SN74153J 
SN74154J 
SN74157J 
SN74160J 
SN74161J 
SN74162J 
SN74163J 
$N74174J 
SN74175J 
SN741815 
SN74182J 
$N74192J 
SN74193J 
$N74194J 
SN74195J 
$N74221J 


SN74123X 
SN74153X 
SN74154X 
SN74157X 
SN74160X 
SN74161X 
SN74162X 
SN74163X 
SN74174X 
SN74175X 
SN74181X 
SN74182X 
SN74192X 
SN74193X 
SN74194X 
SN74195X 
SN74221X 


SNS4123J 
SN54153J 
SN54154J 
SN54157J 
SN54160J 
SN54161J 
SN541625 
SN54163J 
SN54174J 
SN54175J 
SN54181J 
SN54182J 
SN54192J 
SN54193J 
SN54194J 
SN54195J 
SN54221J 


SN54123W 
SN54153W 
SN54154W 
SN54157W 
SN54160W 
SN54161W 
SN54162W 
SN54163W 
SN54174W 
SN54175W 
SN54181W 
SN54182W 
SN54192W 
SN54193W 
SN54194W 
SN54195W 
SN54221W 


$N54123X 
SN54153X 
SN54154X 
SN54157X 
SN54160X 
SN54161X 
SN54162X 
SN54163X 
SN54174X 
SN54175X 
SN54181X 
SN54182X 
SN54192X 
SN54193X 
SN54194X 
SN54195X 
SN54221X 


9300DM 9300FM 
9301DM 9301FM 
9304DM 9304FM 
93060M 9306FM 
9308DM 9308FM 
9309DM 9309FM 
93100M 9310FM 
9311DM 9311FM 
9312DM 9312FM 
9314DM 9314FM 
93160M 9316FM 
9318DM 9318FM 
9321DM 9321FM 
9322DM 9322FM 
9324DM 9324FM 
9328DM 9328FM 
9334DM 9334FM~ 
9338DM 9338FM 
9340DM 9340FM 
93410M 9341FM 
9342DM 9342FM 
9360DM 9360FM 
9366DM 9366FM 


9300XM 
9301XM 
9304XM 
9306XM 
9308XM 
9309XM 
9310XM 
9311XM 
9312XM 
9314XM 
9316XM 
9318XM 
9321XM 
9322XM 
9324XM 
9328XM 
9334XM 
9338XM 
9340XM 
9341XM 
9342XM 
9360XM 
9366XM 


93LOOPC 
93L01PC 
93LO8PC 
93LO9PC 
93L10PC 
93L11PC 
93L12PC 
93L14PC 
93L16PC 
93L18PC 
93L21PC 
93L22PC 
93L24PC 
93L28PC 
93L34PC 
93L38PC 
93L40PC 
93L41PC 
93L60PC 
93L66PC 


93LOODC 
93L01DC 
93LO8DC 
93LO9DC 
93L10DC 
93L11DC 
93L12DC 
93L14DC 
93L16DC 
93L18DC 
93L21DC 
93L22DC 
93L24DC 
93L28DC 
93L34D0C 
93L38DC 
93L400C 
93L41DC 
93L60DC 
93L66DC 


93LOO0XC 
93L01 XC 
93LO08XC 
93LO9XC 
93L10XC 
93L11XC 
93L12XC 
93L14XC 
93L16XC 
93L18XC 
93L21XC 
93L22XC 
93L24XC 
93L28XC 
93L34XC 
93L38XC 
93L40XC 
93L41XC 
93L60XC 
93L66XC 


93LO00DM 
93L01DM 
93L08DM 
93LO9DM 
93L10DM 
93L11DM 
93L12DM 
93L14DM 
93L16DM 
93L18DM 
.93L21DM 
93L22DM 
93L24DM 
93L28DM 
93L34DM 
93L38DM 
93L40DM 
93L41DM 
93L60DM 
93L66DM 


93LOOFM 
93L01FM 
93LO8FM 
93LO9FM 
93L10FM 
93L11FM 
93L12FM 
93L14FM 
93L16FM 
93L18FM 
93L21FM 
93L22FM 
93L24FM 
93L28FM 
93L34FM 
93L38FM 
93L40FM 
93L41FM 
93L60FM 
93L66FM 


93LO00XM 
93L01XM 
93LO08XM 
93LO09XM 
93L10XM 
93L11XM 
93L12XM 
93L14XM 
93L16XM 
93L18XM 
93L21XM 
93L22XM 
93L24XM 
93L28XM 
93L34XM 
93L38XM 
93L40XM 
93L41XM 
93L60XM 
93L66XM 


SCHOTTKY MSI CIRCUITS 


. Order Number Order Number 
0°C to +70°/75°C -55°C to +128°C 
Device Molded Hermetic Hermetic Flat 
Number OIP DIP i DIP Pack Dice 


Am25S Series 


Am25S05 
Am25S07 
Am25S08 
Am25S09 
Am25S10 


Am54S/74S Series 

Am54S/748139 
Am54S/74S151 
Am54S/74S8153 
Am54S/74S157 


Am54S/74S158 
Am54S/74S174 
Am54S/748175 
AmS4S/74S181 
Am54S/748194 
Am54S/74S195 
Am54S/748251 
Am54S/74S8253 
Am54S/74S257 
Am54S/74S258 


Am82S/93S Series 


Am82S62 
Am93S10 
Am93S16 
Am93S21 
Am93S22 
Am93S48 


Device 
Number 


Am26 Series 


Am2600 
Am2602 
Am2614 
Am2615 
Am26123 
Am26L02 
Am26S02 
Am26S12 
Am26S12A 


Am78/88 Series 


Am78/8820 
Am78/8820A 
Am78/8830 
Am78/8831 
Am78/8832 


Am55/75 Series 


Am55/75107B 
Am55/75108B 
Am55/75109 
Am55/75110 
Am75207 
Am75208 


Am96 Series 


Am9600 
Am9601 
Am9602 
Am9614 
Am9615 
Am9616 
Am9617 
Am9620 
Am9621 
Am96LO02 


Other Devices 


Am1488 
Am1489 
Am1489A 
Am54/74123 
Am54/74221 
Am0026 (8 pin) 
Am0026 (12 pin) 
Am0026 (14 pin) 


*Metal Can 


AM25SO5PC 
AM25S07PC 
AM25S08PC 
AM25S09PC 
AM25S10PC 


SN74S139N 
SN74S151N 
SN74S153N 
SN74S157N 
SN74S158N 
SN74S174N 
SN74S175N 
SN74S181N 
SN74S194N 
SN74S195N 
SN74S251N 
SN74S253N 
SN74S257N 
SN74S258N 


N82S62A 
93S10PC 
93S16PC 
93S21PC 
93S22PC 
93S48PC 


COMPUTER INTERFACE CIRCUITS 


AM2600PC 
AM2602PC 
AM2614PC 
AM2615PC 
AM26123PC 
AM26L02PC 
AM26S02PC 
AM26S12PC 
AM26S12APC 


OM8820N 
DM8820AN 
DM8830N 
DM8831N 
DM8832N 


SN75107BN 
SN75108BN 
SN75109N 
SN75110N 
SN75207N 
SN75208N 


9600PC 
9601PC 
9602PC 
9614PC 
9615PC 


9620PC 
9621PC 
96LO2PC 


AM1489PC 
AM1489APC 
SN74123N 
SN74221N 
MHOO26CN 


AM25S05DC 
AM25S070C 
AM25S08DC 
AM25S09DC 
AM25S10DC 


$N74S139J 
SN74S151J 
SN74S153J 
SN74S157J 
SN74S158J 
SN74S174J 
SN74S1755 
SN74S8181J 
SN74S194J 
SN74S195J 
SN74S251J 
SN74S253J 
SN74S257J 
SN74S258J 


N82S62F 
93S10DC 
93S16DC 
93S21DC 
93S22DC 
93S48DC 


Order Number 


OC to +70°/75°C 


Hermetic 
DIP 


AM2600DC 
AM2602DC 
AM2614DC 
AM2615DC 
AM26123DC 
AM26L02DC 
AM26S02DC 
AM26S12DC 
AM26S12ADC 


DM8820J 
DM8820AJ 
DM8830J 
DM8831J 
DM8832J 


SN75107BJ 
SN75108BJ 
SN75109J 
$N75110J 
SN75207J 
SN75208J 


9600DC 
9601DC 
9602DC 
9614DC 
9615DC 
9616DC 
9617DC 
9620DC 
9621DC 
96L02DC 


MC1488L 
MC1489L 
MC1489AL 
SN74123J 
SN742215 
MHO026CH* 
MHO026CG * 
MMHOO26CL 


AM25S05XC 
AM25S07XC 
AM25S08XC 
AM25S09XC 
AM25S10XC 


SN74S139X 
SN74S151X 
SN74S153X 
SN74S157X 
SN74S158X 
SN74S174X 
SN74S175X 
SN74S181X 
SN74S194X 
SN74S195X 
SN74S251X 
SN74S253X 
SN74S257X 
SN74S258X 


N82S62X 
93S10XC 
93S16XC 
93S21XC 
93S22XC 
93S48XC 


AM2600XC 
AM2602XC 
AM2614XC 
AM2615XC 
AM26123XC 
AM26L02XC 
AM26S02XC 
AM26S12XC 
AM26S12AXC 


AM8820X 
AM8820AX 
AM8830X 
AM8831X 
AM8832X 


SN75107BX 
SN75108BX 
SN75109X 
SN75110X 
SN75207X 
SN75208X 


9600XC 
9601XC 
9602XC 
9614XC 
9615XC 
9616XC 
9617XC 
9620XC 
9621XC 
96LO2XC 


AM1488XC 
AM1489XC 
AM1488AXC 
SN74123X 
SN74221X 
AMO026CXC 


AM25S05DM 
AM25S070M 
AM25S08DM 
AM25S09DM 
AM25S10DM 


SN54S1395 
SN54S1515 
SN54S153J 
SN54S157J 
SN54S158J 
SN54S1745 
SN54S175J 
SN54S181J 
SN54S1945 
SN54S195J 
SN54S251J 
SN54S2535 
SN54S257J 
SN54S258J 


$82S62F 

93S10DM 
93S16DM 
93S21DM 
93S22DM 
93S48DM 


Hermetic 
DIP 


AM2600DM 
AM2602DM 
AM2614DM 
AM2615DM 
AM26123DM 
AM26L02DM 
AM26S02DM 
AM26S12DM 
AM26S12ADM 


DM7820J 
DM7820AJ 
DM7830J 
DM78314J 
DM7832J 


SN55107B5 
SN55108BJ 
SN55109J 
SN55110J 


96000M 
9601DM 
9602DM 
9614DM 
9615DM 


9620D0M 
9621DM 
96L02DM 


SN54123J 
SN54227J 
MHO0026H 
MH0026G 
MMHO0026L 


AM25S05FM 
AM25S07FM 
AM25S08FM 
AM25S09FM 
AM25S10FM 


SN54S139W 
SN54S151W 
SN54S153W 
SN54S157W 
SNS54S158W 
SN54S174W 
SN54S175W 
SN54S181W 
SN54S194W 
SN54S195W 
SN54S251W 
SN54S253W 
SN54S257W 
SN54S258W 


93S10FM 
93S16FM 
93S21FM 
93S22FM 
93S48FM 


Order Number 


-55°C to +125°C 


Flat 
Pack 


AM2600FM 
AM2602FM 
AM2614FM 
AM2615FM 
AM26123FM 
AM26L02FM 
AM26S02FM 
AM26S12FM 
AM26S12AFM 


DM7820W 
DM7820AW 
DM7830W 
DM7831W 
DM7832W 


SN55107BW 
SN55108BW 
SN55109W 
SN55110W 


S9600FM 
9601FM 
9602FM 
9614FM 
9615FM 


9620FM 
9621FM 
96LO2FM 


SN54123W 
SN54221W 


AM25S05XM 
AM25S07XM 
AM25S08XM 
AM25S09XM 
AM25S10XM 


SN54S139X 
SN54S151X 
SN54S153X 
SN54S157X 
SN54S158X 
SN54S174X 
SN54S175X 
SN54S181X 
SN54S194X 
SNS4S195X 
SN54S251X 
SN54S253X 
SN54S257X 
SN54S258X 


$82S62X 

93S10XM 
93S16XM 
93S21XM 
93S22XM 
93S48XM 


AM2600XM 
AM2602XM 
AM2614XM 
AM2615XM 
AM26123XM 
AM26L02XM 
AM26S02XM 


* AM26S12XM 


AM26S12AXM 


AM7820X 
AM7820AX 
AM7830X 
AM7831X 
AM7832X 


SN55107BX 
SN55108BX 
SN55109X 
SN55110X 


9600XM 
9601XM 
9602XM 
9614XM 
9615XM 


9620XM 
9621XM 
96L02XM 


SN54123X 
SN54221X 
AMO026XM 


9-3 


MOS CIRCUITS 


Device 
Number 


Am1002 
Am1101A 
Am1101A1 
Am1402A 
Am1403A 
Am1404A 
Am1405A 
Am1406 
Am1407 
Am1506 
Am1507 
Am2102 
Am2102-1 
Am2102-2 
Am2505 
Am2512 
Am2521 
Am2524 
Am2525 
Am2533 
Am2802 
Am2803 
Am2804 
Am2805 
Am2806 
Am2807 
Am2808 
Am2809 
Am2810 
Am2812 
Am2812A 
Am2813 
Am2813A 
Am2814 
Am2833 
Am2841 
Am3114 
Am3341 
Am4055 
Am4056 
Am4057 
Am5055 
Am5056 
Am5057 
Am9102 
Am9102A 
Am91028 


Molded 
Dip or 
Molded 

Mini-Dip 


P1101A 
P1101A1 
AM1402APC 
AM1403APC 
AM1404APC 


P2102 
P2102-1 
P2102-2 


AM2521V 
AM2524V 
AM2525V 
AM2533V 
AM2802PC 
AM2803PC 
AM2804PC 


AM2807PC 
AM2808PC 
AM2809PC 


AM2833PC 


TMS3114NC 
AM3341PC 


MMSO55N 


MMS5057N 
AM9102PC 
AM9102APC 
AM9102BPC 


Order Number 0°C to +75°C 


Hermetic 
Dip or 
Hermetic 
Mini-Dip 


MK 1002P 
C1101A 
C1101A1 
AM1402A 


C2102 
C2102-1 
C2102-2 


AM2802DC 


AM2810DC 
AM2812DC 
AM2812ADC 
AM2813DC 
AM2813ADC 


“AM2814DC 


AM2833DC 
AM2841DC 
TMS3114JC 
AM3341DC 


MM5055D 


MM5057D 

AM9102DC 
AM9102ADC 
AM9102BDC 


BIPOLAR MEMORY CIRCUITS 


Device 
Number 


Am27LS00 
Am27LS01 
Am27S02 
Am27S03 
Am3101 
Am31L01 
Am3101A 
Am5489 
Am7489 
Am7599 
Am8599 
Am93403 


Molded 
Dip 


AM27LSOOPC 
AM27LS01PC 


AM27S02PC 
AM27S03PC 
P3101 
AM31L01PC 
P3101A 


SN7489N 


DM8599N 
AM93403PC 


Hermetic 
Dip 

AM27LSO0DC 
AM27LS01DC 
AM27S02DC 
AM27S03DC 
C3101. 
AM31L01DC 
C3101A 


SN7489J 


DM85s99J 
AM93403DC 


MK1002L 


AM1403A 
AM1404A 
AM1405A 


AM1506HC 
AM1507HC 


AM2505K 
AM2512K 


AM2803HC 
AM2804HC 
AM2805HC 
AM2806HC 


AM2809HC 


MMS5056H 


Order Number 0°C to +75°C 


Dice 


AM27LS00XC 
AM27LS01 XC 
AM27S02XC 
AM27S03XC 
AM3101XC 
AM31L01 XC 
AM3101AXC 


AM7489XC 


AM8599XC 
AM93403XC 


AM1002XC 
AM1101XC 
AM1101A1XC 
AM1402AXC 
AM1403AXC 
AM1404AXC 
AM1405AXC 
AM1406XC 
AM1407XC 
AM1506XC 
AM1507XC 
AM2102XC 


AM2505XC 
AM2512XC 
AM2521XC 
AM2524XC 


. AM2525XC 


AM2533XC 
AM2802XC 
AM2803XC 
AM2804XC 
AM2805XC 
AM2806XC 
AM2807XC 
AM2808XC 
AM2809XC 
AM2810XC 
AM2812XC 


AM2813XC 


AM2814XC 
AM2833XC 
AM2841XC 
AM3114XC 
AM3341XC 
AM4055XC 
AM4056XC 
AM4057XC 
AM5055XC 
AMS5056XC 
AM5057XC 


Hermetic 
Dip 
AM27LSOODM 
AM27LS01DM 

AM27S02DM 
AM27S03DM 

AM3101DM 
AM31L01DM 
AM3101ADM 
SN5489J 


DM7599J 


AM93403DM 


Hermetic 
Dip or 
Hermetic 
Mini-Dip 


C1101ADM 
C1101A1DM 
AM1402ADM 


AM2802DM 


AM2810DM 
AM2812DM 
AM2812ADM 
AM2813DM 
AM2813ADM 


AM2833DM 
AM2841DM 


AM3341DM 
MM4055D 


MM4057D 


AM9102DM 


Flat 
Pak 


AM27LSO0FM 
AM27LS01FM 
AM27S02FM 
AM27S03FM 
AM3101FM 
AM31L01FM 
AM3101AFM 
SNS5489W 


DM7S599W 


AM93403FM 


Order Number —55°C to +125°C 


AM1403AHM 
AM1404AHM 
AM1405AHM 
AM1406HM 
AM1407HM 


AM2803HM 
AM2804HM 
AM 2805HM 
AM2806HM 


AM2809HM 


MM4056H 


Order Number —55°C to +125°C 


Dice 


AM27LS00XM 
AM27LS01XM 
AM27S02XM 
AM27S03XM 
AM3101XM 
AM31L01XM 
AM3101AXM 
AM5489XM 


AM7599XM 


AM93403XM 


LINEAR CIRCUITS 


Am685 
Am1500 
Am1501 
Am1660 
Am101 
Am101A 
Am102 
Am105 
Am106 
Am107 
Am108 
Am108A 
Am110 
Am111 
Am112 
Am216 
Am216A 
Am118 
Am715 
Am723 
Am725 
$SS725 
Am733 
Am741 
SSS741 
Am747 
SSS747 
Am748 


TO-5 


AM1660HC 
LM301 
LM301A 
LM302 
LM305 
LM306 
LM307 
LM308 
LM308A 
LM310 
LM311 
LM312 
LM316 
LM316A 
M318 
71S5HC 
723HC 
725HC 
SSS725EJ 
733HC 
741HC 
SSS741CJ 
747HC 
SSS747CK 
748DC 


*Useage for —25° to +85°C 


Order Number 
0°C to +70°C 


Hermetic 
DIP 


AM685XL* 


AM15000C 


LM301AD 


LM307D 
LM308D 
LM308AD 
LM310D 
M3110 
LM312D 
LM316D 
LM316AD 
LM318D 
715DC 
723DC 
7250C 


733DC 
7410C 


7470C 
SSS747CP 
748HC 


TO-5 


AM685HL 


LM201 
LM201A 
LM202 
LM205 
LM206 
LM207 
LM208 
LM208A 
LM210 
LM211 
LM212 
LM216 
LM216A 
LM218 


725HL 
$SS725BJ 


Order Number 
—25°C to +85°C 


Hermetic 
DIP 


AM685DL 
AM1S500DL 
AM1501DL 


LM201D 
LM201AD 


LM207D 
LM208D 
LM208AD 
LM210D 
LM211D 
LM212D 
LM216D 
LM216AD 
LM218D 


LM201F 
LM201AF 


LM205F 
LM207F 


LM208F 
LM208AF 


AM685HM 


LM101 
LM101A 
LM102 
LM105 
LM106 
LM107 
LM108 
LM108A 
LM110 
LM111 
LM112 


LM118 
715HM 
723HM 
725HM 
$SS725AJ 
733HM 
741HM 
S$SS741J 
747HM 
SSS747K 
748DM 


Order Number 
~55°C to +125°C 


Hermetic 
OP 


AM685DM 
AM1500DM 
AM1501DM 


LM101D 
LM101AD 


LM107D 
LM108D 
LM108AD 
LM110D 
LM111D 
LM112D 


LM118D 
7150M 
723DM 
725DM 


733DM 
7410M 


7470M 
SSS747P 
748HM 


Flat 
Pack 


AM1500FM 
AM1501FM 


LM101F 
LM101AF 


LM105F 
LM106F 
LM107F 
LM108F 
LM108AF 
LM110F 
LM111F 
LM112F 


LM118F 


733FM 
741FM 


747FM 
$SS747M 
748FM 


AM685XM 


LD101 
LD101A 
LD102 
LD105 
LD106 
LD107 
LD108 
LO108A 
LD110 
Lot 
LD112 
LO216* 
LD216A° 
LD118 
715XM 
723XM 
725XM 


733XM 
741XM 


747XM 


748XM 
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ADVANCED MICRO DEVICES, INC. 
PACKAGE GUIDE 


METAL HERMETIC 
14-Lead Dual-In-Line 16-Lead Dual-In-Line 24-Lead Dual-In-Line 


4 


TAT ATAT AT 
ae ae = 
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230 
080 
‘020 


or 
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ai jin a ba A a oa gil thy te 2 
MOLDED 
14-Lead Dual-In-Line 16-Lead Dual-In-Line 24-Lead Dual-In-Line 
ij) eae these eet {. 
ieee z = iS [+ 48 2 pt ina. aaa ee [#4 
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Note: All dimensions are in inches. Leads for 14 and 16-Pin Dual-!In-Line packages are intended for insertion in hole rows on .300” centers and are 
misaligned to facilitate insertion. Leads for the 24-Pin Dual-In-Line packages are intended for insertion in hole rows on .600” centers 


and are misaligned to facilitate insertion. 


CERAMIC HERMETIC 
14-Lead Dual-In-Line 16-Lead Dual-In-Line 24-Lead Dual-In-Line 


MAX. 
af _ont on 
} _ ld 
009 
10 380 060 { 
090 2125 NOM. 310 023 020 -700 
. 090 .015 NOM. 
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PACKAGE OUTLINES (CONT’D) 


METAL CAN 
TO-100 TO-100 HIGH TO-99 


555 


175 X 370 370 370 
= Soe DIA. = prod Sas 
750 [sas | 040 335 395 338 335 . 335" | 33s 
MAX. "305 "305 B 
| 040 wetores F ——. 040 .| ——- 
Sri ng? ee ne 045.260 MAX 045485 
FT 4 ‘ 65 . ee N 01065 
dl SEATING T— a ce 
500 PLANE 1 T SEATING me SEATING tT casa 
‘ | LAN! 
jt 10 LEADS 4 . PLANE t 500 
! 10 LEADS : . ; 
_.I 019 
: 016 
i | 4 T 
o. 
f 3 
TT y 1 


ned 10 0 02 


FLAT PACKAGE 
10-Lead Flat Package 14-Lead Flat Package 16-Lead Flat Package 


MOLDED BRAZED 
8-Lead Dual-In-Line 8-Lead Dual-In-Line 


.530 MAX. 
010 MIN. 
SS SS ee 


16-Lead Dual-In-Line 


ieee Fa EA. “TT 


016 
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VICE PRESIDENT OF SALES — Ed Turney 


DIRECTOR OF INTERNATIONAL SALES — Terry Jones 
HEADQUARTERS SALES MANAGER -— Bill Seifert . 


U.S. Sales Offices 


WESTERN AREA 
Steve Zelencik ~ Area Sales Manager 
Russ Almand — Southwest Regional 
Sales Manager 
Bill Kah! ~ District Sales Manager 
9595 Wilshire Boulevard 
Suite 806 
Beverly Hills, California 90212 
Tel: (213) 278-9700 . 
(213) 278-9701 
TWX: 910-490-2143 


Shel Schumaker — Northwest Regional 


7615 Metro Boulevard 

Suite 124H 

Edina, Minnesota 55435 

Tel: (612) 835-4445 
(612) 835-4446 

TELEX: 29-0416 


EASTERN AREA 

Steve Marks — Area Sales Manager 

Jack Maynard — Mid-Atlantic Regional 
Sales Manager 

David Chavoustie ~ District Sales 
Manager 

99 Powerhouse Road 

Suite 303 

Roslyn Heights, N.Y. 11577 

Tel: (516) 484-4990 


Sales Manager 
901 Thompson Place 
Sunnyvale, California 94086 
Tel: (408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 


MID-AMERICA AREA 


Chuck Keough — Area Sales Manager 


2625 Butterfield Road 
Suite 121W 
Oak Brook, Illinois 60521 
Tel: (312) 323-9600 

(312) 323-9601 
TWX: 910-254-2295 


David Overall - District Sales Manager 


(516) 484-4991 
TWX: 510-223-0649 


Pau! Macdonald — Northeast Regional 


Sales Manager 
594 Marrett Road 
Suite 29 


Lexington, Massachusetts 02173 


Tel: (617) 861-0606 
(617) 861-0607 


Ken Smyth ~ Southeast Regional 


Sales Manager 


1012 Ingleside Avenue 
Baltimore, Maryland 21228 


Tel: (301) 744-8233 
(301) 744-8234 
TWX: 710-862-1450 


European Sales Offices 


UNITED KINGDOM 

Desmond W. Candy — Sales Manager 
Advanced Micro Devices, U.K., Limited 
Cumberland Chambers 

68A King Street 

Maidstone, Kent, England 

Tel: Maidstone 52004 

Cable: Supreme 

TELEX: 965237 


FRANCE 

Emile Dalle, Sales Manager 
Advanced Micro Devices, S.A. 
29 Rue Du Pont 

92200 Neuilly, France 

Tel: 747-4194 


GERMANY 

Hermann Lichotka — Sales Manager 
Advanced Micro Devices 

Mikro Elecktronik GmbH 

8000 Miinchen 2 
Herzog-Heinrich-Str. 3 

West Germany 

Tel: Sammel-Nr.: (0 89) 539588 
TELEX: 0523 883 


SOUTHERN EUROPE 

Carlo Longoni, Sales Manager 
Advanced Micro Devices, S.A. 
29 Rue Du Pont 

92200 Neuilly, France 


International Sales Representatives and Distributors 


AUSTRALIA 

A. J. Ferguson Pty. Ltd. 
125 Wright Street 
Adelaide, S. Australia 5000 
Tel; 51-6895 

TELEX: 82635 


AUSTRIA 

Bacher Elektronische Gerate 
GES.M.B.H. 

Meidlinger Hauptstrasse 78 
A-1120 Vienna, Austria 

Tel: 83 63 96 

TELEX: 011532 


BELGIUM 

C. N. Rood 

PI. de Jamblinne de Meux 37 
1040 Brussels 

Tel: 02/35 21 35 

TELEX: 22846 


DENMARK 

Mer-El A/S 

10, Ryvangs Alle 

DK-2100 Copenhagen #, Denmark 
Tel: (01 68) RY 7444 

TELEX: 19771 


FRANCE 
Tekelec-Alrtronic 
Cite des Bruyeres 
Rue Carle - Vernet 
92 Sevres, France 
Tel: 626.02.35 
TELEX: 25 997 


WEST GERMANY 

Data Modul GmbH 

8000 Miinchen 40 
KnorrstraZe 83 

West Germany 

Tel: 0811/3 51 41 43 (089) 
TELEX: 05 215267 damo d 
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Nordelektronik GmbH-KG 
2085 Quickborn 
Harksheiderweg 238-240 

Tel: (04106) 66131 

TELEX: 0-214842 

Altron A.E. Thronicke 

316 Lehrte 

Germaniastrasse 10, 

West Germany 

Tel: (05132) 2629/3047 

Telex: 922383 

Edbo Elektronik 
Bauelemente GmbH 

4600 Dortmund 1 
Viktoriastrasse 15, West Germany 
Tel: (0231) 57081 

Telex: 822382 

Nordelektronik Vertriebs GmbH 
Zweigburo Kiel 

2300 Kiel 14 

Langensaal 8, West Germany 
Tel: (0431) 21556 

Fred Trommeschlaeger 

533 Koenigswinter 1 

Postfach 2007 

Tel: (02223) 21385 

TELEX: 0-885237 


HOLLAND 

Tekelec-Airtronic N. V. 
Kruislaan 235 - Amsterdam 0 
Holland 

Tel: 020-92-87-66 

TELEX: 16009 


ISRAEL 

M.R.B.D. Industries 
20 Pney-Hagiva Street 
P.O. Box 1717 
Ramat-Gan, Israel 
Tel: 738701/728076 
TELEX: (922) 32151 


ITALY 

Cramer International 
134 Via C. Colombo 
Rome, Italy 

Tel: 51 393 87 


Cramer Italia SpA 
Via Melchiorre Gioia, 74 
20125 Milano, Italy 
Tel: (02) 376 40 39 


Cramer Italia SpA 
Via F. Turati, 33 
40055 Bologna, Italy 
Tel: (051) 78 70 34 


Eledra 3S 

Solid State Specialties 

Via Ludovico Da Viadana 9 
20122 Milano, Italy 

Tel: 86 03 07 

TELEX: (843) 32027 


JAPAN 

Microtek, Inc. 

208 Schamporu Ogikubo 
2-30-12 Kamiogi 
Suginamiku, Tokyo, Japan 
Tel: (03) 392-1185 167 
TELEX: J 28497. 


NORWAY 
Intelco A/S 
Stromsveien 204 
P.O. Box 31 

2011 Strommen 


Norway 

Tel: 47 2 702272 
SPAIN 

REMA, Leo Haag, S. A. 
General Sanjurjo 18 


Madrid—3, Spain 
Tel: 2 53 40 03 


SWEDEN 

AB Elektroholm 

Box 3005 

Dalvagen 12 

171 03 Solna 3, Sweden 
Tel: 08/ 82 0280 
TELEX: 19389 


SWITZERLAND 

Dimos AG 

Badenerstrasse 701 

CH 8048 Zurich, Switzerland 
Tel: 051/62 61 40 

TELEX: 52 028 


UNITED KINGDOM 

Nobel Electronics 

Nobel House 

Bowater Road 

Woolwich, London SE185TQ England 
Tel: 01-855-5671 , 

TELEX: 897250 


Quarndon Electronics 
(Semiconductors) Ltd. 
Slack Lane 

Derby DES3ED England 
Tel: Derby 32651 
TELEX: 37163 


Dage International Ltd. 

Eurosem Division 

Haywood House 

High Street 

Pinner, Middlesex, HA55QA England 
Tel: 01-868-0024 

TELEX: 24506 


Phoenix Electronics (Airdrie) Ltd. 
4b Alexander Street 

Airdrie ML60BA Scotland 

Tel: Airdrie 64-992 

TELEX: 77-9016 


U.S. and Canadian Sales Representatives 


ALABAMA 

TMA, Inc. 

P.O. Box 4112 

Huntsville, Alabama 35802 
Tel: (205) 883-7893 


ARIZONA 

Bestronics Inc. 

201 East Camelback Road 
Phoenix, Arizona 85012 
Tel: (602) 248-7020 


CALIFORNIA 

(Northern) 

Trident Associates 

99 E. Middlefield Road 

Suite 6C 

Mountain View, California 94040 
Tel: (415) 967-7031 

TWX: 910-379-6976 


(Southern) 

Black, Ekizian, Strong, Inc. 
1728 S. La Cienega Bivd. 
Los Angeles, California 90035 
Tel: (213) 870-9191 

TWX: 910-340-6369 


Bestronics Inc. 

8369 Vickers Street 

San Diego, California 92111 
Tel: (714) 278-2150 

TWX: 910-335-1267 


CANADA 
Paul Macdonald 
594 Marrett Road, Suite 29 
Lexington, Massachusetts 02173 
Tel: (617) 861-0606 

(617) 861-0607 


COLORADO 

Tri-Tronix Denver 

1901 Kipling 

Suite 21 

Lakewood, Colorado 80215 
Tel: (303) 237-0774 

TWX: 910-937-0738 


CONNECTICUT 

Contact Sales 

P.O. Box 623 

Orange, Connecticut 06477 
Tel: (203) 932-5656 


FLORIDA 

Conley & Associates, Inc. 
P.O. Box 668 

Oviedo, Florida 32765 
Tel: (305) 365-3283 
TWX: 810-856-3520 


Conley & Associates, Inc. 
P.O. Box 700 

Boca Raton, Florida 33432 
Tel: (305) 395-6108 


Conley & Associates, Inc. 
2821 Kimberly Lane 
Tampa, Florida 33618 
Tel: (813) 933-3183 


ILLINOIS 

C & C Electronic Sales 
119 East Palatine Road 
Suite 204/206 
Palatine, Illinois 60067 
Tel: (312) 358-8900 
TWX: 910-693-4809 


INDIANA 

Valentine-Schillinger & Associates 
2122A Miami St. 

South Bend, Indiana 46613 

Tel: (219) 291-6258 

TWX: 810-299-2535 

TELEX: 25-8421 


Valentine-Schillinger & Associates 
P.O. Box 242 

(1000 N. Madison Ave., Suite S-2) 
Greenwood, Indiana 46142 

Tel: (317) 888-2260 

TWX: 810-260-2231 


1OWA 

Lorenz Sales, Inc. 

Suite 302 Executive Plaza 
4403 First Avenue, S.E. 
Cedar Rapids, lowa 52402 
Tel: (319) 393-9125 


KANSAS 

Palatine Engineering Sales, Inc. 
7520 W. 63rd Street 

Overland Park, (Kansas City) 
Kansas 66202 

Tel: (913) 262-5643 

TWX: 910-743-6862 


Palatine Engineering Sales, Inc. 
510 W. Allison 

Andover, (Wichita) Kansas 67002 
Tel: (316) 683-7512 


MARYLAND 

Burgin-Kreh Associates, Inc. 
1012 Ingleside Avenue 
Baltimore, Maryland 21228 
Tel: (301) 788-5200 

TWX: 710-862-1450 


MASSACHUSETTS 

Contact Sales, Inc. 

P.O. Box 401 

101 Cambridge St. 

Burlington, Massachusetts 01803 
Tel: (617) 273-1520 

TWX: 710-332-6569 


MICHIGAN 

Greiner Associates, Inc. 

15324 E. Jefferson Avenue 

Grosse Pointe Park, Michigan 48230 
Tel: (313) 499-0188 

TWX: 810-221-5157 


MINNESOTA 

Mel Foster Company, Inc. 
7389 Bush Lake Road 
Edina, Minnesota 55435 
Tel: (612) 835-2252 

TWX: 910-576-2746 


MISSOURI 

Palatine Engineering Sales, Inc. 
1573 N. Warson Road 

St. Louis, Missouri 63132 

Tel: (314) 426-7055 


NEW MEXICO 

Tri-Tronix Albuquerque 

2403 San Mateo Blvd., N.E. 
Suite 2, South Building 
Albuquerque, New Mexico 87110 
Tel: (505) 265-8400 

TELEX: 910-989-1680 


NEW YORK 

ERA 

330 Great Neck Road 
Great Neck, New York 11021 
Tel: (516) 482-9320 

TWX: 510-223-0836 


NEW YORK 

(Upstate) 

T Electronics Company 
3522 James Street 
Syracuse, New York 13206 
Tel: (315) 463-8592 

TWX: 710-541-0554 


NORTH CAROLINA 
Burgin-Kreh Associates, Inc. 
4901 Tiffany Avenue 


Winston-Salem, North Carolina 27104 


Tel: (919) 768-4174 


OHIO 

Midwest Marketing Associates 
137 Lakeview Drive 

Dayton, Ohio 45459 

Tel: (513) 433-2511 


Midwest Marketing Associates 
15435 Dale Road 


Chagrin Falls, (Cleveland), Ohio 44022 


Tel: (216) 247-6655 


PENNSYLVANIA 

(Eastern) 

GCM Inc. 

275 Commerce Drive 

Ft. Washington, Pennsylvania 19034 
Tel: (215) 646-7535 

TWX: 510-661-0607 


(Western) 

Crest Component Sales 
17800 Chillicothe Road 
Suite 250-7 

Chagrin Falls, Ohio 44022 
Tel: (216) 543-9808 


TEXAS 

Semiconductor Sales Associates 
312 N. Central Expressway 

Suite 204 

Richardson, Texas 75080 

Tel: (214) 231-6181 

TWX: 910-867-4780 


Semiconductor Sales Associates 
975 Corbindale 

Suite 104 

Houston, Texas 77024 

Tel: (713) 461-4197 


VIRGINIA 

Burgin-Kreh Associates, Inc. 
P.O. Box 2557 

Memorial Professional Bldg. 
2511 Memorial Ave. 
Lynchburg, Virginia 24501 
Tel: (804) 845-5600 


WASHINGTON 

Ray Over Sales 

P.O. Box 593 

(1645 Rambling Lane) 
Bellevue, Washington 98004 
Tel: (206) 454-4551 


U.S. and Canadian Stocking Distributors 


ALABAMA 

Cramer/EW Huntsville, Inc. 
2310 Bob Wallace Avenue, S.W. 
Huntsville, Alabama 35810 

Tel: (205) 539-5722 

TWX: 810-726-2150 


ARIZONA 
Cramer/Arizona 

2816 North 16th Street 
Phoenix, Arizona 85016 
Tel: (602) 263-1112 
TWX: 910-951-1382 
Hamilton/Avnet Electronics 
2615 S. 21st Street 
Phoenix, Arizona 85034 
Tel: (602) 275-7851 
TWX: 910-951-1535 


CALIFORNIA 
Avnet Electronics 
10916 W. Washington Blvd. 
Culver City, California 90230 
Tel: (213) 836-7200 
TWX: 910-340-6364 
Cramer/Los Angeles 
17201 Daimler Street 
Irvine, California 92705 
Tel: (714) 979-3000 

(213) 771-8300 
TWX: 910-595-1900 


Cramer/San Diego 

8975 Complex Drive 

San Diego, California 92123 
Tel: (714) 565-1881 

TWX: 910-335-1195 


Cramer/San Francisco 

720 Palomar Avenue 
Sunnyvale, California 94086 
Tel: (408) 739-3011 

TWX: 910-339-9371 
Hamilton Electro Sales 
10912 W. Washington Blvd. 
Culver City, California 90230 
Tel: (213) 870-7171 

TWX: 910-340-6364 

TELEX: 67-43-06 
Hamilton/Avnet Electronics 
575 East Middlefield Road 
Mountain View, California 94040 
Tel: (415) 961-7000 

TWX: 910-379-6486 
Hamilton/Avnet Electronics 
8917 Complex Dr. 

San Diego, California 92123 
Tel: (714) 279-2421 

TELEX: 69-54-15 


CANADA 

Cramer/Canada 

920 Alness Avenue, Unit No. 9 
Downsview, Ontario, Canada 
Tel: (416) 661-9222 

TWX: 610-492-6210 


Hamilton/Avnet Electronics 
935 Montee de Liesse Road 
St. Laurent, (Montreal) 
Quebec 377, Canada 

Tel: (514) 735-6393 

TWX: 610-421-3731 
Hamilton/Avnet Electronics 
6291-15 & 16 Dorman Road 
Mississauga (Malto) 
Ontario, Canada 

Tel: (416) 677-7432 


Hamilton/Avnet Electronics 

880 Lady Ellen Place 

Ottawa, Kz 5L9, Ontario, Canada 
Tel: (613) 725-3071 

TWX: 610-562-1906 


COLORADO 

Cramer/ Denver 

5465 E. Evans PI. at Hudson 
Denver, Colorado 80222 
Tel: (303) 758-2100 

TWX: 910-931-0440 
Hamilton/Avnet Electronics 
5921 N. Broadway 

Denver, Colorado 80216 
Tel: (303) 534-1212 

TWX: 910-931-0510 


CONNECTICUT 
Cramer/Connecticut 

35 Dodge Avenue 

North Haven, Connecticut 06473 
Tel: (203) 239-5641 

TWX: 710-465-2674 
Hamilton/Avnet Electronics 

643 Danbury Road 

Georgetown, Connecticut 06829 
Tel: (203) 762-0361 


FLORIDA 

Cramer/EW Hollywood 
4035 North 29th Avenue 
Hollywood, Florida 33020 
Tel: (305) 923-8181 

TWX: 510-954-9809 


Cramer/EW Orlando 

345 North Graham Avenue 
P.O. Box 20214 

Orlando, Florida 32814 
Tel: (305) 894-1511 

TWX: 810-850-0154 
Hamilton/Avnet Electronics 
4020 North 29th Avenue 
Hollywood, Florida 33021 
Tel: (305) 925-5401 

TWX: 510-954-9808 
TELEX: 51-43-28 


GEORGIA 

Cramer/EW Atlanta 

3923 Oakcliff Industrial Court 
Atlanta, Georgia 30340 

Tel: (404) 448-9050 

TWX: 810-766-4513 


Hamilton/Avnet Electronics 
6700 1-85 Access Road 
Suite 2B 

Norcross, Georgia 30071 
Tel: (404) 448-0800 

TWX: 810-766-1590 


ILLINOIS 

Cramer/Chicago 

1911 South Busse Road 

Mt. Prospect, Illinois 60056 
Tel: (312) 593-8230 
Hamilton/Avnet Electronics 
3901 North 25th Avenue 
Schiller Park, Itlinois 60176 
Tel: (312) 678-6310 

TWX: 910-227-0060 


KANSAS 

Hamilton/Avnet Electronics 
37 Lenexa Industrial Center 
Lenexa, Kansas 66215 

Tel: (913) 888-8900 


MARYLAND 

Cramer/EW Baltimore 

7255 Standard Drive 
Hanover, Maryland 21076 
Tel: (301) 354-0100 
Cramer/EW Washington 
16021 Industrial Drive 
Gaithersburg, Maryland 20760 
Tel: (301) 948-0110 

TELEX: 89-2357 
Hamilton/Avnet Electronics 
7255 Standard Drive 
Hanover, Maryland 21076 
Tel: (301) 796-5000 

TWX: 710-862-1861 

TELEX: 8-79-68 


MASSACHUSETTS 

Cramer Electronics, Inc. 

85 Wells Avenue 

Newton, Massachusetts 02159 
Tel: (617) 969-7700 

TELEX: 92-24-86 
Hamilton/Avnet Electronics 
185 Cambridge Street 
Burlington, Massachusetts 01803 
Tel: (617) 273-2120 

TWX: 710-332-1201 


MICHIGAN 
Cramer/Detroit 

13193 Wayne Road 
Livonia, Michigan 48150 
Tel: (313) 425-7000 

TWX: 810-242-2985 
Hamilton/Avnet Electronics 
12970 Farmington Road 
Livonia, Michigan 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 


MINNESOTA 
Cramer/Bonn 

7275 Bushlake Road 
Edina, Minnesota 55435 
Tel: (612) 835-7811 
TWX: 910-576-2726 


Hamilton/Avnet Electronics 
7683 Washington Avenue South 
Edina, Minnesota 55435 

Tel: (612) 941-3801 


MISSOURI 

Hamilton/Avnet Electronics 
364 Brookes Lane 
Hazelwood, Missouri 63042 
Tel: (314) 731-1144 

TELEX: 44-23-48 


NEW JERSEY 

Cramer/New Jersey 

1 Barrett Ave. 

Moonachie, New Jersey 07074 
Tel: (201) 935-5600 


Cramer/Pennsylvania, Inc. 
12 Springdale Road 
Cherry Hill, New Jersey 08034 
Tel: (609) 424-5993 

(215) 923-5950 


Hamilton/Avnet Electronics 
218 Little Falls Road 

Cedar Grove, New Jersey 07009 
Tel: (201) 239-0800 

TELEX: 13-83-68 


Hamilton/Avnet Electronics 
113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel, New Jersey 08057 
Tel: (609) 234-2133 

TWX: 710-897-1405 


NEW MEXICO 

Cramer/New Mexico 

137 Vermont N.E. 

Albuquerque, New Mexico 87108 
Tel: (505) 265-5767 

TWX: 910-989-1679 


Hamilton/Avnet Electronics 

2450 Baylor Drive S.E. 
Albuquerque, New Mexico 87119 
Tel: (505) 765-1500 

TWX: 910-989-1631 


NEW YORK 
Cramer/Binghamton 
3220 Watson Boulevard 
Endwell, New York 13760 
Tel: (607) 754-6661 

TWX: 510-252-0884 


Cramer/Long Island . 

29 Oser Avenue 

Hauppauge, L. |., New York 11787 
Tel: (516) 231-5600 

TWX: 510-227-9863 

TELEX: 96-1393 


Cramer/Rochester 

3259 Winton Road South 
Rochester, New York 14623 
Tel: (716) 275-0300 


Cramer/Syracuse 

6716 Joy Road 

East Syracuse, New York 13057 
Tel: (315) 437-6671 

TWX: 710-541-0420 


Hamilton/Avnet Electronics 

70 State Street 

Westbury, L. I., New York 11590 
Tel: (516) 333-5800 

TWX: 510-222-8237 

TELEX: 96-77-55 


Hamilton/Avnet Electronics 
6500 Joy Road 

E. Syracuse, New York 13211 
Tel: (315) 437-2642 

TWX: 710-541-0959 


NORTH CAROLINA 
Cramer/EW Winston-Salem 
938 Burke Street 
Winston-Salem 

North Carolina 27102 

Tel: (919) 725-8711 


OHIO 

Cramer/ Cleveland 
5835 Harper Road 
Solon, Ohio 44139 
Tel: (216) 248-8400 
TWX: 910-339-9280 


Cramer/Tri-States, Inc. 
666 Redna Terrace 
Cincinnati, Ohio 45215 
Tel: (513) 771-6441 
TWX: 810-464-8174 


Hamilton/Avnet Electronics 
118 Westpark Road 
Dayton, Ohio 45459 
Tel: (513) 433-4055 
TWX: 810-450-2531 


Hamilton/Avnet 

761 Beta Drive 

Mayfield Village; Suite E 
Cleveland, Ohio 44132 
Tel: (216) 461-1400 


PUERTO RICO 

Cramer Electronics de 

Puerto Rico 

Subdivision Industrial 

Bo. Retiro 

San German, Puerto Rico 00753 
Tel: (809) 892-2600 


TEXAS 

Cramer/Texas 

13740 Midway Road 

Dallas, Texas 75240 

Tel: (214) 661-9300 

In Houston, Enterprise 2831 


Hamilton/Avnet Electronics 
4445 Sigma Road 

Dallas, Texas 75240 

Tel: (214) 661-8661 


Hamilton/Avnet Electronics 
1216 West Clay 

Houston, Texas 77019 

Tel: (713) 526-4661 

TELEX: 76-25-89 


UTAH 

Cramer/Utah 

391 West 2500 South 

Salt Lake City, Utah 84115 
Tel: (801) 487-4131 

TWX: 910-925-5958 


Hamilton/ Avnet Electronics 
647 W. Billinis Road 

Salt Lake City, Utah 84119 
Tel: (801) 262-8451 


WASHINGTON 
Cramer/Washington 
Benaroya Industrial Park 
Building T 

5602 Sixth Avenue South 
Seattle, Washington 98108 
Tel: (206) 762-5755 

TWX: 910-444-2017 


Hamilton/Avnet Electronics 
13407 Northrup Way 
Bellevue, Washington 98005 
Tel: (206) 746-8750 

TWX: 910-443-2449 


WISCONSIN 

Cramer/ Wisconsin 

430 W. Rawson Avenue 

Oak Creek, Wisconsin 53154 
Tel: (414) 764-1700 
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Keep in touch 
with the latest 
integrated circuit 
developments. 


Please fill out and mail 
the attached card. 
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Please rush me technical information on the following devices 


And, make sure I’m on the list to receive Advanced Micro Devices’ Annual Report this year, 
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Firm Mail Stop 
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C] Voltage Regulators C) General Engineering 


CJ Computer (J Converters [-} Design Engineer 
(0 Computer Peripheral (J Other LIC (.) Component/Reliability/ 
CJ Instrumentation () Counters Standards Engineering 
(CJ Aerospace and Defense C] Registers () Purchasing & Material Mgt. 
C tndustrial OD) Multiplexers & Demultiplexers [(] General Management 
CJ Other. O Adders CJ Marketing 

CJ Interface CJ) Magazine Editors 
Product Interest (CD Other DIC (0 Sales Reps 
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Schweber Electronics Distribution Locations 


CALIFORNIA 
Schweber Electronics 
3000 Redhill Avenue 
Costa Mesa, California 92626 
Tel: (714) 556-3880 
(213) 924-5594 


CANADA 

Schweber Electronics 

2724 Rena Road 

Mississauga, Ontario, Canada L4T3J9 
Tel: (416) 678-9050 


CONNECTICUT 

Schweber Electronics 
Finance Drive Be. 
Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: (203) 792-3500 


FLORIDA 

Schweber Electronics 
2830 North 28 Terrace 
Hollywood, Florida 33020 
Tel: (305) 927-0511 


GEORGIA 

Schweber Electronics 
4126 Pleasantdale Road 
Atlanta, Georgia 30340 
Tel: (404) 449-9170 


ILLINOIS 

Schweber Electronics 

1380 Jarvis Street 

Elk Grove Village, Illinois 60007 
Tel: (312) 593-2740 


MARYLAND 

Schweber Electronics 
5640 Fisher Lane 
Twinbrook Parkway 
Rockville, Maryland 20852 
Tel: (301) 881-2970 


MASSACHUSETTS 

Schweber Electronics 

213 Third Avenue 

Waltham, Massachusetts 02154 
Tel: (617) 890-8484 


MICHIGAN 

Schweber. Electronics 
86 Executive Drive 
Troy, Michigan 48084 
Tel: (313) 583-9242 


MINNESOTA 

Schweber Electronics 

7015 Washington Avenue South 
Edina, Minnesota 55435 

Tel: (612) 941-5280 


NEW YORK 

Schweber Electronics 

2 Town Line Circle 
Rochester, New York 14623 
Tel: (716) 461-4000 


Schweber Electronics 
Jericho Turnpike 
Westbury, New York 11590 
Tel: (516) 334-7475 


NEW JERSEY 

Schweber Electronics 

43 Belmont Drive 

Somerset, New Jersey 08873 
Tel: (201) 469-6008 


NORTH CAROLINA 

Schweber Electronics 

10 Sunnybrook Road 

Raleigh, North Carolina 27610 
Tel: (919) 832-8881 


OHIO 

Schweber Electronics 

23880 Commerce Park Road 
Beechwood, Ohio 44122 
Tel: (216) 464-2970 


TEXAS 
Schweber Electronics 
2628 Longhorn Boulevard 
Austin, Texas 78758 
Tel: (512) 837-2890 


Schweber Electronics 
14177 Proton Road 
Dallas, Texas 75240 
Tel: (214) 661-5010 


Schweber Electronics 
7420 Harwin Drive 
Houston, Texas 77036 
Tel:(713) 784-3600 


The above locations of Schweber Electronics have been franchised for the distribution of the Advanced Micro Devices product line effective July 1, 1974. 


_ 
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ADVANCED 
MICRO 

DEVICES 

901 Thompson Place 
Sunnyvale, Calif. 94086 
Tel. (408) 732-2400 
TWX: (910) 339-9280 
Telex: 34-6306 


